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ABSTRACT 
 
G. CHRISTOPHER WEDDING: Understanding Sustainability in Real Estate: A Focus 
on Measuring and Communicating Success in Green Building 
(Under the direction of Dr. Douglas Crawford-Brown) 
 
This dissertation aims to bring scientific and quantitative rigor to the important 
yet ambiguous concept of sustainable development in real estate, with a specific focus on 
a single, but critical, aspect of real estate – how the energy-related impacts from certified 
green buildings relate to impacts expected from such third-party approved 
environmentally friendly buildings. Criteria – graphical and statistical – are offered as 
means by which to judge the strength of the relationship between these impacts and 
different certification levels of the dominant US standard for green building, the US 
Green Building Council’s Leadership in Energy and Environmental Design (LEED) 
program. The goal is to improve the foundation for better environmental and 
development decisions by organizations or governments at the level of strategy, policy 
and practice. 
Chapter 1 frames the issue by describing and defining sustainability, especially in 
the real estate sector. The difference between marginal and absolute sustainability is also 
highlighted, along with a review of attempts to measure progress in sustainable 
development.  
Chapter 2 focuses on quantifying the variation and magnitude of nine energy-
related environmental impacts from LEED buildings by creating and using probabilistic 
 iv 
models to simulate thousands of LEED buildings and their corresponding impacts. The 
notion is that while LEED began as a tool to stimulate market change, with its growth 
and use as a symbol of the sustainability of an organization has come a second purpose – 
to serve as a tool for environmental management. 
Next, for Chapter 3, in order to reduce the variation and magnitude of the nine 
impacts analyzed in Chapter 2, specific alterations to LEED’s Energy & Atmosphere 
category were proposed. Additional ways to integrate environmental metrics and 
normalization into the scoring and certification of LEED buildings are also suggested. 
With approximately 3 billion square feet of registered or certified LEED buildings and 
growing concerns about “greenwashing,” it is important to ensure that users of LEED 
receive a set of benefits comparable to those expected. 
Chapter 4 reviews the strengths and limitations of this research. The broader 
implication of the aims, methods and criteria used in this research are also considered. 
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CHAPTER 1. 
 
INTRODUCTION 
  
LITERATURE REVIEW – PAST RESEARCH AND THOUGHT  
 
 
Defining sustainability. Everyone wants it, but few understand what it means. In fact, 
“sustainability,” or “sustainable development,” has been compared to the Yeti or the 
Loch Ness monster – something which is frequently discussed and sought after but rarely 
found (Bell and Morse 2001). Similarly, a quick Google search for the term returns over 
20 million hits, which is approximately the same number, incidentally, as a search on 
Brad Pitt. The most frequent definition derives from the United Nations (UN) World 
Commission on Environment and Development’s 1987 Brundtland Report , which refers 
to it as  “development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs.” The UN in its Rio Declaration of 
1992 elaborates on the theme with 27 principles, including for example, Principle 1, 
which states, “Human beings are at the center of concerns for sustainable development. 
They are entitled to a healthy and productive life in harmony with nature.” These high 
level policy statements, however, provide very little in terms of useful advice for day-to-
day decisions in practice and implementation for individuals or organizations. 
The scope of sustainability also varies by audience. Commonly used frameworks 
define the term with the “3 E’s” – economy, environment and equity – or the “3 P’s” – 
people, profits and planet. The “triple bottom line” of sustainability is often the phrase in 
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business circles – environmental quality, social equity and economic vitality. Others add 
concepts of crime prevention, beauty, goodness, trust, quality of life and accessibility 
(Crilly et al. 1999; Kline 2000; Bell and Morse 2001; Gething and Bordass 2006). At 
times, it seems that any “good” outcome or quality is meant to fit into the definition.  
Moreover, scale – both temporal and spatial – is a key feature of sustainability. 
The concept of temporal scale includes ideas such as intergenerational equity, as 
referenced in the Brundtland Report; cultural preservation in form and function, such as 
historic building renovation; and the precautionary principle, which argues against the 
adoption of new practices or the use of new products if evidence suggests the possibility 
of negative health or environmental impacts. With regards to spatial scale, sustainability 
calls for a movement towards full cost accounting, where measurements of change in the 
baseline extend beyond a project’s standard legal or geographic boundaries. For example, 
as compared to typical definitions of success for development in the past – such as 
investor or developer profit alone – the goal is broadened to include the reduction of 
negative externalities (e.g., air pollution from car and building energy use) and the 
increase of positive externalities (e.g., local job creation).  
 
Marginal versus absolute sustainability. Movement away from business as usual with 
its high degree of consumption and waste is a step in the right direction, but how far and 
how fast we move makes a difference. Consider how Americans would define a 
“sustainable means of transportation.” Is it the hybrid SUV or walking, biking and riding 
the train in mixed-use, infill, transit-oriented developments?  
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When faced with the size of problems addressing current and future generations, 
it is important to not simply focus on incremental improvements. In the case of this 
research, players in the real estate industry – such as investors, developers, builders and 
designers –must work to understand how to define success in sustainability knowing, for 
example, that (1) anthropogenic greenhouse gas emissions are currently about two to 
three times greater than the earth’s sink capacity (Lowe 2006), (2) consumption-related 
impacts are expected to rise with the world population set to grow by 3 billion people by 
2050 – with 90% in developing countries, where a rising standard of living will combine 
to drive consumption to 350% of today’s levels (Golton 1997; Uher 1999), (3) we 
currently use approximately 20% more resources, i.e., natural capital stocks, than are 
regenerated each year (Monfreda et al. 2004) and (4) estimates suggest that the industrial 
world needs to reduce its material and energy use by over 90% to meet the needs of 
future generations (Business Council on Sustainable Development 1993).  
The answer may be a small degree of improvement from business as usual across 
a high volume of square footage or it may rely on much greater degrees of pollution and 
resource reduction compared to status quo across a smaller volume of square footage. In 
retail terms, the question is one of a “high margin-low volume” business model or one 
focused on “low margin-high volume.” It is likely that some combination of both will be 
required for the real estate industry to adequately respond to these challenges. 
Many organizations have set goals to suggest the scope of work ahead. The 
American College & University Presidents Climate Commitment, with over 468 
university presidential signatories as of January 2008, argues for an 80% reduction in 
carbon emissions by 2050 (American College & University Presidents Climate 
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Commitment 2008). The Architecture 2030 Challenge recommends the design and 
construction of carbon neutral new buildings by 2030 starting with a 50% smaller carbon 
footprint for new buildings today compared to existing buildings (Architecture 2030 
Challenge 2008). This initiative also has the support of the American Institute of 
Architects, the US Conference of Mayors and the USGBC, among other significant 
players. Similarly, the US Climate Action Partnership (USCAP) – whose members 
include large energy utilities like Duke Energy, major international corporations like GE 
and leading environmental groups such as Environmental Defense – is calling Congress 
to enact legislation mandating 60% - 80% reductions in carbon by 2050 (US Climate 
Action Partnership 2008).  
On the building front, the Cascadia Region Green Building Council has created a 
green building program cognizant of these larger goals. Their Living Building Challenge 
is a new kind of certification program consisting of only prerequisites aiming to 
recognize truly sustainable buildings which, for example, generate their own energy with 
renewable sources and recycle all water waste on site and can only earn certification after 
one year of operations data are available (Cascadia Region Green Building Council 
2008). On the academic front, frequently cited work by Socolow et al. (2004) suggests 
that in order to prevent the most significant impacts of climate change, over 200 billion 
tons of carbon emissions will need to be avoided between now and 2054. The 
“stabilization wedges” proposed as solutions to reach this goal include sizeable efforts 
based on currently available strategies, such as covering an area the size of Wyoming 
with wind turbines. 
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Measuring sustainability. Given the wide appeal of the concept of sustainability, the 
lack of clarity on its definition and tangible steps to reach it, efforts to measure such 
progress have been underway for over a decade. At the highest level, lists of criteria to 
define sustainable development have been created (Pope et al. 2005; Gibson 2006). These 
include, for example, the often referenced Hannover Principles, created by William 
McDonough & Partners for Expo 2000 in Hannover Germany. Typical of most lists of 
this nature, these include actionable items such as, “Eliminate the concept of waste” or 
“Create safe objects of long-term value” as well as more ethereal or ambiguous guidance 
such as “Recognize interdependence” or “Insist on rights of humanity and nature to co-
exist” (William McDonough + Partners 2000). 
At a more detailed level, measuring sustainability relies on the use of indicators or 
algorithms tied to carrying capacity or solar energy as foundations for deriving all forms 
of capital – natural, human and financial. These can be quantitative or qualitative in 
nature (Bell and Morse 2001). They could also stress outcome versus process (Pope et al. 
2005). Similarly, metrics can be arranged by action or by actor (Werner et al. 2002). 
Distance-to-target frameworks are another way to organize assessment programs (Werner 
et al. 2002). Lastly, assessment programs can be created and managed in top-down or 
bottom-up processes, where the former is based on expert analysis and opinion while the 
latter draws from an open, transparent, multi-stakeholder, consensus-based approach 
(Bell and Morse 2001). 
Consider a few examples. The first is the ecological footprint – based on a 
calculation of the area of land and sea required to meet the resource needs and waste 
handling of human society – which is popular because people are able to relate well to its 
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metric, hectares per person (Wackernagel and Rees 1996). Consider that these footprints 
vary significantly, from 10 hectares per person in the US to 5 in Germany and <0.5 in 
Afghanistan (Global Footprint Network 2008). Similarly, the second example, though 
rarely used, is the SPI or Solar Process Index, which aims to translate all impacts into a 
common metric based on solar energy and area needed for plants to transform this energy 
into usable products (Krotscheck and Narodoslawsky 1996). The third example is the 
DPSIR model – Driving forces, Pressure,  State, Impact and Response – and is used by 
the European Environment Agency and the United Nations. In this framework, indicators 
can be tracked for each of these five groups. For example, under “Impact” a logical 
indictor might be “pounds of greenhouse gas emissions per year” (Hansen and Dammann 
2002). Finally, the fourth example of an assessment system is the German Environmental 
Index (DUX), which described, in point totals, the perfect environmental state, e.g., 6000 
points, compared to a measurement in time, e.g., the February 2002 state of the 
environment score was a mere 1,800 points (Werner et al. 2002). 
 
The role of real estate development in reaching sustainability goals. The US 
Environmental Protection Agency (EPA) estimates that building construction, operation 
and demolition account for approximately 33% of all environmental impacts, while 
related research suggests that buildings may account for up to 45% of certain 
environmental impacts in the US (Levin et al. 1995; Levin 1997; US Environmental 
Protection Agency 2001). Of these impacts, the focus of this research is energy-related 
impacts for several reasons. Buildings use more than 37% of all energy and 71% of all 
electricity in the US, (US Department of Energy 2007; US Energy Information 
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Administration 2007). Recent research suggests that energy-related points account for 
39% of all LEED points (Frankel et al. 2007). And the USGBC has plans to make energy 
an even greater portion of LEED in upcoming iterations (Horst 2007). Moreover, 
significant public, professional, academic and investor interest in environmental and/or 
real estate issues is focused on energy and its impacts, due to rising concerns over energy 
costs and energy security, and increasing pressures for regulatory actions related to 
climate change. One example is the Carbon Disclosure Project initiative which involves 
investors managing over $57 trillion in assets endorsing a survey sent to the world’s 
largest 3,000 companies asking what they are doing to address climate change (Carbon 
Disclosure Project 2008). Lastly, impacts related to energy use are relatively easy to 
quantify compared to other building-related health and environmental impacts due to the 
existence of fairly well established emissions factors, for example, from the US EPA’s 
eGRID database or the National Renewable Energy Laboratory (US Environmental 
Protection Agency 2007). 
The fact that real estate development makes up such large percentages of impacts 
represents both a problem and an opportunity. If viewed as the latter, appropriately 
targeted strategies in real estate could accomplish many ends – such as improved air 
quality and stewardship of limited fresh water resources – with a small number of means. 
This research suggests that green building is one such strategy which can contribute 
significantly to the greater sustainability of an individual, organization, city, state or 
nation. 
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Defining success in sustainable real estate development. First, it is worth 
differentiating among various descriptors of the types of buildings referenced in this 
research, though often these can be and are used interchangeably. “High performance 
building” tends to focus on building features which reduce energy and water use while 
enhancing worker health and productivity. “Green building” may be used to describe 
building designs focused on reducing a building’s environmental footprint. On the other 
hand, “sustainable building” might address a building’s contribution to triple bottom line 
goals of economic, social and environmental concerns; it may also deal with more 
absolute or rigorous sustainability goals instead of marginal or incremental sustainability 
addressed by other labels or programs. 
Sustainability assessment in the built environment typically consists of 
quantitative frameworks focused on environmental impacts. Examples include a wide 
variety of international, national, regional and local green building programs, such as the 
Green Building Challenge, BREEAM in the UK, Earthcraft and Built Green Colorado, 
respectively. As is appropriate, numerous certification programs exist to meet needs in 
various segments of the building market. For example, the Enterprise Green 
Communities program specifically focuses on and certifies green, multi-family affordable 
and workforce housing.  
National and international lists of indicators for sustainability in the built 
environment include, for example, the CRISP program – Construction and City Related 
Sustainability Indicators – a European collaboration among 16 countries that has 
compiled over 500 indicators from 39 different programs (CRISP 2002). Other 
assessment programs – such as ASSIPAC, SEABEP, IBI or BEQUEST – include issues 
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of social impacts and building function, but appear largely in the academic or 
professional literature, rather than in actual industry practice (Levin 1997; Devuyst 1999; 
Bentivegna et al. 2002; So and Wong 2002).  
Life cycle analysis (LCA), which begins to address the issue of temporal scale in 
sustainability, is another important method of assessing impacts in the built environment. 
Its focus is largely at the building and product level, with programs such as energy 
modeling software and National Institute of Science and Technology’s BEES tool, 
respectively. However, the use of LCA-based assessments, in addition to many concepts 
in sustainable real estate, is complicated by fact that often the parties which pay (e.g., 
homebuilders) are different than those which benefit (e.g., homebuyers), unless the end 
user understands the importance of and pays more quickly or pays more for select value-
add green building features, such as higher efficiency energy systems, or responsible site 
planning, such as mixed-income, mixed-use walkable communities. This discrepancy 
continues to prove to be a stumbling block for more sustainable real estate development. 
 The assessment of site-related issues, historically under-emphasized in green 
development, is receiving much more scrutiny with the LEED for Neighborhood 
Development program, now in pilot phase, and The Sustainable Sites Initiative, also 
currently in development. Both efforts give considerable attention to site planning, land 
use and landscape architecture, while adding social elements, which are notably lacking 
in most green building programs.  
 A wide variety of assessment programs also exist for building materials. These 
range from clearinghouses which facilitate product comparisons, such as the Cool Roof 
Rating Council, to binary assessments, such as the US EPA ENERGY STAR program 
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that recognize energy-efficient products or buildings that surpass a certain threshold of 
performance, and detailed product analyses using scientific databases, such as the 
McDonough Braungart Design Chemistry Cradle to CradleSM Certification Program. 
Environmental Building News counted 17 such product assessment programs as of 
January 2008 (Atlee and Altes 2008). 
 
The LEED rating system as a method for assessing sustainability in buildings. 
LEED, as the most popular US third-party certification program for green buildings, is 
the focus of analysis for this research. It is made up of the following sections:  
 
(1) Sustainable Sites – 14 points, 
(2) Water Efficiency – 5 points, 
(3) Energy and Atmosphere – 17 points,  
(4) Materials and Resources – 13 points,  
(5) Indoor Environmental Quality – 15 points, and  
(6) Innovation and Design Process – 5 points.  
 
The maximum score is 69 points, and various levels of certification are possible. 
In theory, a Platinum-certified building should have fewer negative impacts and greater 
positive environmental impacts than a building with Silver certification. Appendix 2 
contains a LEED scorecard which shows all categories and credit titles. Point totals 
required for the four levels of certification are shown below: 
 
(1) ≥ 26 points = Certified certification, 
(2) ≥ 33 points = Silver certification,  
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(3) ≥ 39 points = Gold certification, and  
(4) ≥ 52 points = Platinum certification.  
 
These parameters refer to LEED-NC (for New Construction), the guidelines 
which make up the vast majority of the LEED market. Other green building programs 
now on the market include LEED for Commercial Interiors, LEED for Schools, LEED 
for Core and Shell, LEED for Homes and LEED for Existing Buildings. Additional 
programs in pilot phase include LEED for Neighborhood Development. With a presence 
in all 50 US states and more than 41 countries, the adoption of these additional LEED 
programs is likely to magnify the possibilities that the USGBC – and its partner 
organization, the World Green Building Council – can influence a growing portion of the 
$5 trillion global construction industry (Young 2006).  
While LEED was created to stimulate market change, it now serves as an 
environmental management tool and a key indicator of the sustainability or an 
organization or municipality. With 75 cities, 23 counties, 17 towns, 27 states, 12 federal 
agencies, 10 public school jurisdictions, 36 institutions of higher education and dozens of 
large corporations relying on LEED to guide building and/or community design and 
construction (USGBC 2007), it is critical that the LEED label equate with the 
environmental and health benefits which users expect. 
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LITERATURE REVIEW – GAPS AND NEEDS 
 
After a consideration of the literature and current practice, the insufficiencies with current 
assessments of sustainability, especially in real estate, can be broken out in two 
categories – (1) overall deficiencies and (2) issues related to analyzing green buildings.  
 
Overall deficiencies. Definitions of sustainability remain unclear, which leaves 
policymakers and practitioners unsure about what targets to aim for. In large part due to 
this uncertainty around the substance behind sustainability, criticisms abound. The three 
earliest critiques came just before the Earth Summit of 1992, just as interest in the topic 
was peaking, in much the same way that “green” is now receiving an unusually high 
degree of attention. These criticisms included: (1) it is vague, (2) it will attract hypocrites 
and (3) it is likely to foster delusions (Robinson 2004).  
Regarding #1, it may not be an accident that sustainability eludes any rigid 
definition; frankly, this “constructive ambiguity” can allow flexibility and room for error 
without holding decision makers to any firm targets. The result, if definitions and goals 
are left unclear, is an impaired ability to take concrete steps in the proper direction. 
Indeed, criticism #2 is closely related to this ambiguity and lies at the heart of the 
analysis in this dissertation. An example of this criticism could be, for example, an 
insincere organization which aims for the easiest credits in a green building program, 
though these may not necessarily be the most significant contributors to environmental 
and health goals. Another example might be a situation where an organization whose core 
business is inherently laden with negative environmental, health, community or social 
impacts uses imprecise or inaccurate eco-labels to brand select fractions of their 
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operations in order to distract or mislead the broader market of consumers. For #3, it has 
been suggested that “sustainable development” is actually an oxymoron (Robinson 2004). 
For example, consider that the Brundtland Report, which lies at the source of this 
movement, called for a 5- to 10-fold increase in world industrial activity in the 21st 
century in order to meet the needs of the poor, yet a wide variety of evidence suggests 
that world consumption is already pushing the limits of many natural systems (Robinson 
2004; Monfreda 2004; Lowe 2006).  
In addition, others, such as leading international sustainable design expert Bill 
McDonough, clarify that while some link sustainability to an ideal future state, its truest 
definition does not imply any such utopia; he asks, “How would you feel about labeling 
your relationship with your spouse as ‘sustainable?’” Moreover, most sustainability 
indicators focus on the global, national, regional, or city level, rather than at the site level, 
where many planning, design and investment decisions are made by the private and 
public sectors (Moldan, Billharz, and Matravers 1997; Bartsch, Anderson, and Dorfman 
1999; International City/County Management Association, 2002; Redefining Progress 
2004; United Nations 2005).     
 
Green building. Insufficiencies or issues meriting additional research in the literature 
related to the assessment of green buildings include the following: (1) few and limited 
attempts at quantifying the environmental impacts or benefits of certified green buildings, 
(2) numerous sources of variation in the energy-related environmental impacts of LEED 
buildings, (3) improper attention to naming deficiencies in LEED rather than suggesting 
solutions, (4) overemphasis on means versus ends, i.e., scoring a building based on 
 14 
efficiency alone instead of rewarding environmentally responsible buildings based on 
reductions in impacts, (5) limits in scope, e.g., addressing carbon dioxide emissions alone 
versus a larger set of environmental impacts, (6) no efforts to understand the precision 
and accuracy of green building certification programs and the corresponding 
environmental impacts of certified buildings, (7) few efforts to create user-friendly 
modules to calculate these environmental impacts, (8) the certification of buildings which 
are efficient but huge net consumers of resources per functional unit, e.g., per person, and 
(9) inadequate translation of building impacts into communication tools such as 
“nutrition labels” meant for broader consumption and use.  
 
THIS RESEARCH 
 
As alluded to earlier, this dissertation aims to bring scientific and quantitative rigor to the 
important yet ambiguous concept of sustainable development in real estate, with a 
specific focus on a single, but critical, aspect of real estate – how the energy-related 
impacts from certified green buildings relate to those impacts expected from such third-
party approved environmentally friendly buildings. Methods and criteria – both graphical 
and statistical – are offered as means by which to assess the strength of the relationship 
between environmental impacts such as these and an eco-label (of which there are many), 
in this case, the different levels of LEED green building certification. The goal is to 
improve the foundation for better environmental and development decisions by 
organizations or governments at the level of strategy, policy and practice. More 
specifically, this research aims to answer these research questions: 
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1. How well do the US Green Building Council’s LEED guidelines measure the 
“environmental impacts” of energy use in buildings? That is, how variable are the 
expected or predicted environmental impacts of a given level of LEED 
certification? 
 
2. How can the causes of this variation in impacts be remedied in the future LEED 
programs? Or how can environmental metrics be better represented by the LEED 
building label? 
 
Each of the subsequent chapters includes specific reviews of the relevant 
literature according to the question above addressed in each. Chapter 2 has been 
published as a separate manuscript in the Journal of Green Building. Chapter 3 has also 
been submitted for peer review and publication in the Journal of Green Building. 
Chapter 2 focuses on Question #1. Given its relationship with Chapter 3, this 
piece of work is referred to as “Phase I” while the analysis in Chapter 3 is accordingly 
named “Phase II.” Monte Carlo probabilistic models were created to simulate thousands 
of LEED buildings and the corresponding energy-related environmental impacts. The 
variation in said impacts was quantified and analyzed by graphical and statistical means. 
The relationship between these impacts and the four LEED certification levels was 
analyzed. Environmental impacts which were analyzed included emissions of carbon 
dioxide, nitrogen oxides, sulfur dioxide, mercury, and particulate matter; solid waste; 
nuclear waste; and water consumption. Trusted data sources, such as the US Department 
of Energy, the National Renewable Energy Laboratory, the US EPA Energy Star 
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program, and the USGBC, among others, were used to create these models. The 
application of stochastic modeling with Crystal Ball to address issues of variation in 
impacts from the building sector was a unique contribution to the academic literature and 
professional practice. 
Chapter 3 provides a response to the excessive variation found in Chapter 2, i.e., 
Phase I, and deals with Question #2. It draws from Phase I sensitivity analyses and 
broader observations from the simulations to create an altered Energy & Atmosphere 
category for LEED. Justifications for each change to LEED was based on precedents at 
the USGBC, industry trends and cost analyses. Altered models from Phase I were used to 
quantify reductions in the variation and magnitude in the energy-related environmental 
impacts from buildings using the new LEED scheme. The importance of scoring LEED 
buildings with normalized environmental impacts was also illustrated. Simulated carbon 
dioxide emissions from buildings using LEED before and after the changes proposed here 
were also compared to the Architecture 2030 Challenge goals as a way to assess marginal 
versus absolute sustainability in LEED buildings. Finally, lessons learned in this chapter 
were used to create the first attempts at a comprehensive, meaningful “nutrition label” for 
LEED buildings. These are highlighted, along with related eco-labels, in the Appendices. 
In summary, confusion still exists regarding the meaning of sustainability and the 
definitions of successful sustainable development in real estate. This research 
acknowledges this lack of clarity and aims to bring substance and details to the notion of 
sustainability in one portion of real estate – the energy-related environmental impacts of 
buildings, specifically those using the LEED eco-label, which dominates the market, with 
over three billion square feet of registered or certified buildings, and is likely to continue 
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to be a major industry catalyst. The result – that is, a set of suggestions for a “successful” 
eco-label which addresses energy issues for buildings – should be a label which 
corresponds with the benefits, i.e., reductions in a specific set of energy-related 
environmental impacts, expected from LEED-certified buildings.  
Moreover, this label should drive the industry towards a national building stock 
which moves the US towards meeting absolute, or arguably aggressive, rather than 
marginal, long-term environmental, economic and health goals. In short, a well-designed 
certification and labeling program should be (1) precise – that is, the demonstration of 
minimal variation among environmental impacts from buildings or products with the 
same label and (2) accurate – in other words, a close relationship between a label and the 
degree of relative environmental impacts from the building or product certified. Finally, 
an ideal certification program should recognize buildings or products which are truly 
superior to business as usual and measure progress towards an absolute baseline, such as 
carrying capacity, or avoiding the exacerbation of serious environmental or health 
problems, so determined based on the (1) the spatial scale of the impact, (2) the severity 
of the hazard, (3) the degree of exposure, (4) the penalty for being wrong and (5) the 
status of affected sinks (US Environmental Protection Agency 1990; Levin 2007). 
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CHAPTER 2. 
 
AN ANALYSIS OF VARIATION IN THE ENERGY-RELATED  
ENVIRONMENTAL IMPACTS OF LEED CERTIFIED BUILDINGS 
 
Note: 
 
 This chapter was published in the Journal of Green Building in the Fall of 2007 [2(4): pp. 151-170]. The 
inclusion of the manuscript here in most of its original published form may lead to certain repetitions in 
content or variations in formatting compared to other sections of this dissertation. 
 
 
ABSTRACT 
The US Green Building Council's (USGBC) LEED guidelines have become the dominant 
third-party certification program for “green” buildings in the US. Given that buildings 
use 37% of all energy and 68% of all electricity while contributing substantially to air 
emission, waste generation, and water consumption issues in the US, one of LEED's 
purposes is to address the environmental impacts of energy use in buildings. This 
research analyzes (1) how well the LEED guidelines measure these impacts and (2) 
which parameters create the most variation among these impacts. Environmental impacts 
here refer to emissions of carbon dioxide, nitrogen oxides, sulfur dioxide, mercury, and 
particulate matter (PM10); solid waste; nuclear waste; and water consumption. Using data 
from the US Department of Energy, the National Renewable Energy Laboratory, the US 
EPA Energy Star program, and the USGBC, among others, models using Monte Carlo 
analysis were created to simulate the range of impacts of LEED-certified buildings. 
Various metrics and statistics were calculated to highlight the significance of variation in 
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these impacts. Future research needs and implications of the results for LEED version 3.0 
are also discussed. 
 
KEY WORDS 
LEED, USGBC, green building, Monte Carlo analysis, energy, environmental impacts, 
carbon dioxide, particulate matter, nitrogen oxides, sulfur dioxides, mercury, nuclear 
waste, solid waste, water consumption 
 
INTRODUCTION 
The Environmental Impacts of Buildings.  The 4.8 million commercial buildings and 
116 million residential buildings in the US have substantial environmental impacts (US 
Department of Commerce 2000; US Energy Information Administration 2003a). 
Research indicates that building construction, operation, and demolition account for 15% 
to 45% of all environmental impacts in the US (Levin et al. 1995; US Environmental 
Protection Agency 2001). Moreover, these impacts will become more significant as the 
number of buildings increases, and a number of sources estimate that the built 
environment may double by the year 2030 (Rees 1999; Cortese 2003; Nelson 2004). 
Estimated building impacts include 55% of timber consumption, 27% of plastics 
use, 12% of iron and steel applications, 30% of raw material consumption, 40% of 
atmospheric pollution, 25% of solid waste, 24% of all water use, 20% of effluent, 
substantial indoor air quality issues, 37% of all energy, and 68% of all electricity use 
(Lenssen and Roodman 1995; Newton et al. 2001). Moreover, as of 2004, power plants – 
the main source of energy for buildings – were responsible for 69% of the nation’s sulfur 
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emissions, 22% of the nitrogen oxides, 33% of stationary mercury emissions, and 39% of 
all carbon dioxide (Goodman and Walker 2006). Mazria (2003) estimates that the built 
environment may be responsible for as much as 48% of US carbon dioxide emissions. 
To meet these electricity demands, water is also withdrawn and consumed. In 
2000, the US Geological Service estimated that 52% of all surface water withdrawals and 
39% of total fresh water withdrawals were used for thermoelectric power generation (US 
Geological Service 2000). Water consumption resulting from energy use, while a smaller 
percentage than actual water withdrawals, is estimated at over six billion gallons of water 
per day (US National Energy Technology Laboratory 2007). Given estimates that 40 
states are expected to experience water shortages by 2050, these are not insignificant data 
(US House Committee on Transportation and Infrastructure 2003).  
Among all building-related environmental impacts, those related to building 
energy use are the focus of this research for a number of reasons. First, energy-related 
environmental impacts are very much on the minds of the general public, decision 
makers, and the investment community alike (Adler 2006; The New York Times 2006; 
Ceres 2007). Accordingly, progress on these issues should be accurately represented with 
the LEED label. For example, the Carbon Disclosure Project has organized 284 
institutional investors, with assets over $41 trillion, in an effort to ask the world’s largest 
2400 companies what they are doing about their greenhouse gas emissions (Carbon 
Disclosure Project 2007). Other examples include the prominent AIA 2030 Challenge 
and the adoption of the US Mayors Climate Protection Agreement by over 600 mayors 
(Mayors Climate Protection Center 2007). Second, it can be argued that energy impacts 
merit more attention than other building impact categories when one considers 1) their 
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relative contribution to environmental problems, 2) the severity of the impacts, 3) the 
scale of the impact in space and time, and 4) the number of environmental problems to 
which energy use is related. Third, energy impacts, with fairly well established emissions 
factors, are relatively easy to quantify. Lastly, the Energy & Atmosphere section of 
LEED has more points than other categories, and points in other categories also create to 
overall building energy use. 
For the purposes of this study, energy-related environmental impacts refer to 
power plant and/or on-site combustion-related air emission, waste generation, and water 
consumption attributable to building energy use. These focus on operational energy use 
(e.g., for heating and cooling) not embodied energy consumption (e.g., upstream energy 
consumption in material extraction and transportation of products) because the latter 
constitutes a relatively small percentage of a building's life cycle energy use (Lazarus 
2003; International Energy Agency 2004). However, emissions factors for building-
related emissions of carbon dioxide, nitrogen oxides, sulfur dioxide, mercury and 
particulate matter as well as the generation factor for solid waste also contain pre-
combustion effects, such as the impacts involved with “extracting, processing, and 
delivering the primary fuels to the point of conversion in the electrical power plants or 
directly in the buildings” (Deru and Torcellini 2007).  
Impacts here should be thought of as environmental loadings (e.g., CO2 
emissions) rather than subsequent effects (e.g., an increase in global temperatures). 
Dispersion modeling to and within media, assimilation into the environment (e.g., 
biochemical transformation), as well as organismal uptake and corresponding health 
effects (i.e., risk assessment) are outside the scope of this research. Moreover, the focus is 
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on regional and global impacts rather than site-related energy use impacts (e.g., carbon 
monoxide). 
 
The Importance of LEED.  The US Green Building Council (USGBC), with more than 
10,000 member organizations, and its LEED green building rating program were 
designed to reduce the environmental and health impacts of buildings by stimulating 
market change. LEED saw significant growth between 2001 and 2005 – on average the 
number of LEED buildings increased by over 50% each year. As of February 2007, over 
800 million square feet of new buildings had been certified or registered in 50 US states 
and 13 countries. In the US, at least 17 federal agencies, 18 state agencies, and 59 cities 
encourage developers to construct LEED buildings with legislative mandates or various 
incentive packages (US Green Building Council 2007). To expand the USGBC’s 
influence, other green building programs now on the market include LEED for 
Commercial Interiors, LEED for Homes, LEED for Core and Shell, LEED for Existing 
Buildings, and LEED for Schools. The LEED for Neighborhood Development is also in 
pilot phase. With a presence in more than 13 countries, market adoption of these 
programs is likely to magnify the opportunities for LEED to influence a growing portion 
of the $5 trillion global construction industry.  
The major owners and developers of buildings listed previously are using the 
LEED green building rating program as a benchmark. As such, LEED has become a tool 
for public policies affecting billions of dollars in current and future construction. Part of 
the decision to use LEED is based on a presumption that a LEED-certified building is a 
building with reduced energy use and lower corresponding environmental impacts. That 
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is, these institutions are either implicitly or explicitly using LEED as an environmental 
management tool, not just as a brand in the market as it was originally intended.  
For example, the City of Seattle’s Sustainable Building Policy, a part of the City’s 
Environmental Management Program, specifies the use of LEED as a way to gauge 
progress towards a City goal of improved environmental performance (City of Seattle 
2007). The Director of Sustainable Design at the US GSA – perhaps the largest public 
owner of real estate in the US – has stated that LEED “is used as a measure of [the 
GSA’s] accomplishment towards [the GSA’s] sustainability goals” (Bowen 2005). 
Accordingly, it is increasingly important that the LEED label have accuracy and 
precision, and attention must be paid to the variability which exists in environmental 
impacts – in this case, from energy use – caused by these buildings.  
 
Variability in Environmental Impacts Due to LEED Building Energy Use.  Select 
sources of variation in energy-related environmental impacts from LEED buildings 
include: 
 
1) the fuel mix at power plants and on electrical grids,  
2) the general level of efficiency and pollution control at power plant electricity 
generation and on-site furnace/boiler efficiency, 
3) the specific LEED credits obtained (or high performance design features 
included),  
4) the difference in modeled versus actual energy use,  
5) the type of renewable energies used on site or purchased from off-site sources,  
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6) the use of energy costs, instead of British Thermal Units (BTUs), as the unit for 
calculating energy efficiency improvements in LEED,  
7) building type, 
8) climate,  
9) the use of the American Society for Heating, Refrigeration, and Air-conditioning 
Engineers (ASHRAE) standard 90.1 as the benchmark for measuring energy 
efficiency improvements, and 
10) transportation-related emissions. 
 
Parameters #1 to #8 will be addressed either explicitly or implicitly in this research. 
Consider below a few examples of variation in these parameters.  
 For #1 and #2, the Benchmarking Air Emissions report (Goodman and Walker 
2006) shows that sulfur dioxide emissions from power plants can vary from 0 to 16 lbs 
per MWh (megawatt-hour), nitrogen oxides from 0 to 7 lbs per MWh, and carbon dioxide 
from 0 to 2370 lbs per MWh. Similarly, the US EPA’s Power Profiler illustrates how fuel 
mixes vary considerably by grid; for example, the coal portion of overall energy sources 
ranges from 17% in Massachusetts to 53% in North Carolina to 91% in Kentucky (US 
EPA 2006). In addition, 15% of nitrogen oxides and 65% of sulfur dioxides in fossil fuel 
power plants does not undergo pollution control (Goodman and Walker 2006). 
 For #3, the differences in type and number of LEED credits obtained for LEED-
certified buildings leads to variation in impacts, i.e., not all LEED buildings obtain the 
same LEED points. For example, when looking at the USGBC’s LEED point tally – a 
national database of 390 LEED-certified buildings as of June 2006 – only 7.7% of those 
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projects obtained Energy and Atmosphere (EA) credit 2.3, which requires a building to 
obtain 15% of its energy from renewable sources. Similarly, only 41% of these buildings 
earned EA credit 6, which requires a building to offset more than 50% of its electricity 
with green energy purchases, a.k.a., Renewable Energy Credits or RECs (USGBC 2006). 
 For #4, it is important to note that the variation between modeled and actual 
energy use can vary considerably. A study of 21 first-generation LEED buildings showed 
that the actual energy use divided by modeled energy use varied by 18% to 225%, even 
though the mean was 99% (Diamond 2006). As of February 2007, the New Buildings 
Institute is completing a much more detailed analysis of this relationship in LEED 
buildings (Frankel 2007). This variation can be caused by varying occupancy behavior, 
imprecision in energy modeling, and the data used to determine the typical 
meteorological year (TMY) in an energy model (e.g., airport versus downtown locations 
for weather monitoring stations and the impact of the urban heat island effect). 
 For #5, consider that environmental impacts from renewable energy sources, even 
those certified by the Center for Resource Solution’s Green-e program to meet LEED’s 
requirements are not all equal (Power Scorecard 2006). In addition, the timing of 
conventional energy offsets from renewable energy generation has also been found to be 
important (Stauffer 2004). More broadly, the time of year, time of day, and general level 
of subscription in a region contribute to variations in emissions away from the average 
for a state or a given grid. However, these types of variables are not addressed in this 
research largely because of the lack of widespread data for this level of detail. 
 For #6, note that the use of energy costs as the unit for calculating energy 
efficiency in LEED can also cause confusion. While the cost of energy is more important 
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to many building owners than the kilowatt-hours (kWh) or BTUs consumed, its use in 
calculating energy efficiency gains in baseline versus LEED buildings results in 
misrepresentations of the actual environmental impacts of these buildings. This can be 
attributed to variations in energy costs by fuel type and by region (Scheuer and Keoleian 
2002). Using data from NREL research on select high performance buildings, it can be 
shown that a building’s energy cost savings divided by a building’s reduction in energy 
use can vary from 65% - 200% (Torcellini et al. 2006).  
  Finally, regarding #7 and #8, the importance of climate and building type in 
affecting energy use is fairly well known, if not always apparent to all parties interested 
in a building’s environmental footprint. In terms of impacts due to climate, Energy Star 
and the US Energy Information Administration’s Commercial Building Energy 
Consumption Survey (CBECS) data demonstrate that an average restaurant in climate 
zone 2 (e.g., Idaho) will use approximately 250 kBTU per square foot per year compared 
to 134 kBTU per square foot per year in climate zone 4 (e.g., North Carolina). As for the 
impact of a building type, consider a health care facility using 270 kBTU per square foot 
per year compared to 93 per square foot per year for an office and 77 kBTU per square 
foot per year for a school, though all are in the same climate zone – in this case, climate 
zone 1 (e.g., Maine) (US Energy Information Administration 2003b). 
 The issues raised above suggest that there may be significant variation in the 
energy-related environmental impacts from buildings that all fall within the same LEED 
certification level – Certified, Silver, Gold, or Platinum. While this may be assumed to be 
the case, it has never been well quantified, and a high degree of variation may be deemed 
unacceptable by stakeholders. For example, would it be acceptable if these sources of 
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variation caused a LEED Certified building with superior energy efficiency to result in 
lower carbon or mercury emissions than a LEED Platinum building which focused little 
on energy improvements?  
 There is little doubt that LEED has stimulated significant market change towards 
a growing number of buildings with lower environmental impacts. However, while 
LEED was not designed to serve as a scientific assessment of the environmental impacts 
of buildings, due to a lack of other standards and easy-to-use tools, it functions as such by 
default. LEED has likely accomplished the goal of reducing some of the variability in the 
impacts of green buildings by providing more standard definitions. It is also probable that 
the environmental impacts of buildings are closely related to LEED certification levels. 
However, it is unclear to what degree these are related. If the LEED system is designed 
properly, there should be 1) minimal variation among impacts from buildings of the same 
type (e.g., educational) within each LEED certification level – i.e., low “within group 
variation,” and 2) minimum overlap of environmental impact distributions (i.e., 
probability distribution functions) from buildings among the four different LEED 
certification levels – high “between group variation.” 
 
Literature review. There are many green building rating systems in addition to LEED, 
but few have been evaluated as to their ability to truly differentiate between the 
environmental impacts of different buildings. Other such programs or initiatives which 
have been developed and/or are in current use include Building Environmental 
Performance Assessment Criteria (BEPAC) in Canada; the US EPA Energy Star 
Program; Building Research Establishment Environmental Assessment Method 
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(BREEAM) in the UK; the internationally oriented Green Building Challenge (GBC) and 
its GBTool; EcoProfile in Norway; HQE in France; EcoEffect in Sweden; Green Globes 
in Canada, the UK, and the US; and CASBEE in Japan, in addition to many regional 
programs such as Earthcraft and Built Green. It is likely that all of these programs could 
benefit from the type of analysis conducted in this research to ensure that program 
stakeholders get the benefits (e.g., reduction in environmental impacts) that many expect 
through certification.  
 Assessments of these programs to date have focused on the goals, intended users, 
and building life cycle phases (Bosch et al. 2003). Crawley and Aho (1999), Todd et al. 
(2001), Cole (2005), and Boecker et al., (2006) provide similar comparisons of the more 
popular green building programs, though several have matured since this comparison. 
More rigorous evaluations of these types of programs are rare and needed (Bosch et al., 
2003). Quantitative analyses of LEED typically focus on cost, and these have provided 
the beginnings of much needed data to aid decision-makers on investment and policy 
questions related to green building (Kats 2003; Matthiessen 2004; Stegall 2004; Steven 
Winter Associates 2004). Others have criticized LEED, noting the drastic cost differences 
for obtaining points (Stein and Reiss 2004; Frangos 2005), the ease of obtaining LEED 
certification and its high costs (Frangos 2005), its slow adoption and the limitations of 
ASHRAE as an energy benchmark (Eley 2001; Udall and Schendler 2005), the tendency 
for LEED to encourage point-chasing over integrated design for the most cost-effective 
high performance buildings (Eijadi et al. 2002; Stein and Reiss 2004), and the importance 
of regional context in determining the benefits from certain designs, such as “cool roofs” 
(Akbari et al. 1998; Eijadi et al. 2002).  
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 Other literature has focused on the relationship between modeled and actual 
energy use in LEED and related high performance buildings (Pless and Torcellini 2004; 
Scofield 2004; Diamond et al. 2006), the stringency of energy requirements in LEED 
(Eley 2001), the level of effort required to achieve various LEED points (Eijadi et al. 
2002), the need for weighting of LEED points with respect to environmental benefits 
(Eijadi et al. 2002), the effectiveness of energy strategies to earn LEED points (Werthan 
and Navvab 2006), the potential inadvertent environmental consequences of relying on 
LEED (Bray and Natasha 2006), the relationship between a building’s ENERGY STAR 
Score and its level of electricity savings compared to code (Johnson 2002), and decision 
support for selecting building energy strategies (Chalifoux 2006; Pulaski et al. 2006).  
However, very little research has been conducted on the relationship between a 
LEED certification and a building’s environmental impact. Other programs and tools 
address regional variances and select building-related emissions (typically just carbon 
dioxide), though these programs are more focused on research rather than certifying new 
buildings, and the ease of use of the resulting tools has also been questioned (Cole 1998; 
Crawley and Aho 1999). The Green Building Challenge Tool makes an important step in 
this direction by suggesting the use of certain indicators of impacts from a green building, 
such as normalized greenhouse gas emissions, total material consumption, and overall 
potable water use (Lindsey 2007). UK’s BREEAM program also awards projects which 
reduce their contributions to global carbon dioxide emissions. Related research has been 
conducted on the importance of regional fuel mix in affecting greenhouse gas emissions 
in Canadian homes (Sheltair Group 1999); the effects of grid fuel mix and hourly 
generation from PV panels in determining the level of avoided emissions (Stauffer 2004); 
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the use of life cycle analysis (LCA) to assess environmental impacts from a LEED 
building (Scheuer and Keoleian 2002); the cost-effectiveness of LEED energy and water 
credits in LEED (Azerbegi 2000); and the impact of various building designs on air 
emissions, design costs, life-cycle costs and grid reliance for energy supply (BNIM 
Architects et al. 2002).  
 
The Current Study. LEED currently measures an energy strategy (e.g., energy 
efficiency) rather than an energy goal (e.g., a quantitative measure of reduced emissions). 
A focus on environmental loadings – that is, air emissions, waste generation and water 
consumption – in the current analysis is a major deviation from and proposed revision to 
the current LEED program. We suggest that these loadings may serve as a factor for 
weighting and aggregating impacts resulting from the built environment instead of cost 
per point as is frequently suggested. This paper will focus on a broader array of impacts 
than those typically considered in related studies. For example, a 500-Megawatt, coal-
fired power plant produces an average of 318,000 tons of fly ash and scrubber slurry each 
year, and 75% of this is landfilled (Union of Concerned Scientists 2005). These impacts 
do not normally receive the same attention as a plant’s air emissions. Or consider the 
argument in favor of nuclear energy in a world of increasing concern about global climate 
change, which may neglect the significance of high and low level nuclear waste 
generated.  
Furthermore, the impact estimations in this research rely on the most up-to-date 
emission factor data for buildings (Deru and Torcellini 2006). In addition, to understand 
the magnification effect of potentially inaccurate representations of the environmental 
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footprint of high performance buildings created by the policies of a single decision-
making body (e.g., a state, city, governmental agency, or campus) which mandates or 
provides incentives to developers and owners to use LEED, the simulated impacts will 
also be summed across a larger portfolio of buildings. Lastly, to quantify these impacts, 
this research applies a methodology rarely used in this field – Monte Carlo analysis and 
probabilistic modeling.  
 
METHODS 
To quantify the environmental impacts from energy use in buildings, it would have been 
best to take actual measurements from many buildings in many regions of the country. 
However, this was not feasible for the current study. Instead, probabilistic models were 
created to simulate the energy-related environmental impacts of LEED buildings based 
on the LEED points received by those buildings. It is not suggested that probabilistic 
simulation be used to model or measure individual building energy use – for these, 
approved energy modeling software and actual measurements are the preferred methods.  
 Monte Carlo analysis, performed with the Crystal Ball software package, was 
used to simulate these impacts. Monte Carlo analysis is a probabilistic analytical method 
frequently used in risk assessment, cost-benefit analysis, and other fields where decisions 
based on uncertain variables are involved. The advantage of analyses run in a stochastic 
manner such as this versus those created in a deterministic model is the ability to produce 
a picture of the variation in environmental impacts across different buildings in a 
category instead of simply a discrete, average value. This is possible because Monte 
Carlo simulations allow a user to represent variables in a model or algorithm with ranges 
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rather than point estimate or average values (e.g., the variation in solid waste generated 
by buildings lies between 0.3 and 430 pounds per MWh of electricity used per year with 
an average of 210 pounds per MWh per year). In addition, a stochastic analysis allows 
for 1) an analysis of the variability distributions underlying predictions (e.g., based on 
1,000 scenarios, there is a 90% chance that the particulate matter emissions caused by a 
specific 20,000-square foot building’s energy use is 70 pounds per year or less), 2) 
sensitivity analysis (e.g., variation in the emissions factor for sulfur dioxides is 
responsible for ~60% of the variability among the sulfur dioxide emissions of LEED 
office buildings), and 3) simulation comparison (e.g., distributions of impacts from 1,000 
modeled LEED Silver buildings can be laid over similar distributions for 1,000 simulated 
LEED Gold buildings on the same axis to see whether these distributions overlap or are 
significantly different).  
 Normal, triangular, gamma, beta and other distributions were used for each 
building parameter, depending on the availability of data points for each. For example, a 
triangular distribution was used for the average energy use intensity (EUI), i.e., kBTU 
per square foot per year, for education buildings because the mean, minimum, and 
maximum values were the only reliable data obtainable, primarily through the US Energy 
Information Administration’s CBECS database. Where more detailed data were available 
for a parameter, more detailed variability distributions were developed.  
 See Table 1 for a summary of model types. These three building categories 
represent the buildings which most commonly use LEED. In terms of total energy 
consumption by building type in the US, these building types are all in the top five (US 
Energy Information Administration 2003c). Additional model variations addressed the 
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difference between modeled and actual energy use; fixed versus variable air emission, 
waste generation, and water consumption factors; the relevance of green energy 
purchases in reducing emissions; and the importance of scale, that is, how the small 
variations in impacts on a per square foot basis are magnified when cities or campuses 
make policies based on LEED. In total, over 180,000 simulated environmental impacts 
for buildings were generated and analyzed.  
 
Table 2.1. Characteristics of models used to simulate environmental impacts 
Building Type Sample Size of Actual LEED Buildings
LEED Certification 
Levels Modeled *
# of Environmental 
Impacts Modeled **
# of Simulated LEED 
buldings Per Model
# of Simulated 
Impacts Per Model
All buildings 390 Base case, Certified, Silver, Gold, Platinum 9 1,000 45,000
Only educational 
buildings 33
Base case, Certified, 
Silver, Gold 9 1,000 45,000
Only office and 
institutional buildings 235
Base case, Certified, 
Silver, Gold, Platinum 9 1,000 45,000
Only residential 
buildings 17 Base case, Certified 9 1,000 45,000
* Models were not created when the sample size was too small.
** These will be explained later.
 
 
 Each probabilistic model consists of algorithms that convert building data and 
features to estimates of environmental impact. Figure 2.1 summarizes these relationships. 
Each simulated impact is based on different model parameter inputs taken from the 
distributions for energy efficiency, renewable energy, and emissions factors, among other 
variables. These impacts are calculated on a “per square foot per year” basis. The models 
used here incorporate 14 of the total 64 categorical total LEED points or approximately 
22% of all credits. The 14 points reflected in the current study are EA credit 1 “Optimize 
Energy Performance” worth 10 points, EA credit 2 “Renewable Energy” worth 3 points, 
and EA credit 6 “Green Power” worth 1 point. (Note that in LEED calculation methods, 
the on-site renewable energy component is counted in EA credit 1 to represent a 
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reduction in grid energy use.) Empirical data on the percentage of LEED buildings which 
obtain each credit were drawn from the USGBC’s point tally, the national database of 
LEED-certified buildings.  
 
Figure 2.1. Simplistic representation of model algorithms 
Existing US building energy use 
(CBECS)
Off-site electricity generation (kWh’s) On-site energy generation (BTU’s)
Back out non-regulated energy (e.g., plug loads)
Apply efficiency of new, AHSRAE 90.1-1999-compliant buildings
Apply LEED building‘s energy efficiency (EA 1) and use of on-site 
renewable energy (EA 2)
Multiply net LEED building energy use by air emission, waste generation 
and water consumption factors for nine environmental impacts
Combine air emission, waste generation and water consumption off-site 
and on-site sources modeled LEED building
Assess the variation in impacts visually and statistically
Add unadjusted non-regulated loads back in and apply LEED building’s 
purchase of green energy (EA 6)
 
 
 More detail on these algorithms is highlighted in the series below. Note that most 
numerical entries are included as distributions rather than discrete or average values 
(example distributional characteristics are shown in parentheses). 
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1. Each model is defined by specifying the following elements: 
a. The building category (e.g., educational buildings) 
b. The EUI for these buildings in the existing building stock (e.g., 61 – 103 
kBTU/square foot/year with a mean of 81 kBTU/square foot/year) 
c. The percent of electricity (i.e., versus natural gas) for these buildings (e.g., 
25% – 87% with a mean of 54%) 
d. The kWh-based plug loads for these buildings (e.g., 8% - 23%, with a mean of 
18%) 
e. The BTU-based plug loads for these buildings (e.g., 4% - 10%, with a mean 
of 6%) 
f. The energy efficiency, or reduction in energy use, for these buildings 
compared to existing buildings from 1.b. above (e.g., 4% - 13% with a mean 
of 8.6%) 
g. The LEED certification level 
h. The frequency with which these buildings have historically obtained the 
following LEED credits: 
i. EA credits 1 and 2 
ii. EA credit 6 
2. Using 1.b and 1.c, energy use in each simulated building was broken into electricity 
(kWh) and non-electricity (BTU) uses for an existing building. 
3. Using 1.d and 1.e, the energy use not regulated by ASHRAE 90.1-1999 (e.g., plug 
loads) was subtracted from the kWh and BTU values above. 
4. Using 1.f, the baseline energy for kWh and BTU per square foot per year was 
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calculated from the value above to arrive at the estimate for a new ASHRAE 90.1-
1999 compliant building. 
5. Using 1.h.i, values for energy efficiency and on-site renewable energy were 
subtracted from the value above. 
6. Using 1.d and 1.e, the kWhs and BTUs non-regulated energy use were added back in. 
7. Using 1.h.ii, the total kWhs were reduced because of green energy purchases. 
8. The resulting kWhs and BTUs per square foot per year were multiplied by the air 
emission, waste generation, and water consumption factors. 
9. The sub-total environmental impacts were combined for kWhs and BTUs.  
10. This simulation was run 1,000 times for each model to produce a variability 
distribution of the magnitude of these impacts. 
 
 Model results were verified by ensuring that the mean, minimum, and maximum 
EUI for the simulated LEED and base case, non-LEED buildings were comparable to 
those based on CBECS data and a small number of actual LEED buildings documented 
in sufficient detail on the USGBC website of completed projects. 
  
Model assumptions. EUI values used as the starting point for calculations were drawn 
from the minimum and maximum EUI by census region and building type found in the 
US Energy Information Administration (EIA) 2003 CBECS database (US Energy 
Information Administration 2003d), which represents the entire US building stock. 
Energy Star estimates provided for average, minimum, and maximum “percent 
electricity” values (Jurovics 2007). Off-site electricity and on-site energy impacts were 
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handled separately because the environmental impact of each varies considerably (e.g., 
transmission inefficiency). Non-regulated loads for off-site electricity use (kWhs) and 
on-site energy use (BTUs) were estimated by building type using 1995 and 1999 CBECS 
data on fuel consumption by end use. The average plug load as a percentage of total 
building energy use was approximately 22% with a range of 12% - 29%, which includes 
an estimated 10% increase in plug loads from 1999 to 2003 (US Energy Information 
Administration 1995, 1999a, 1999b). Out of this total, plug loads from electricity use (as 
compared to plug loads from on-site natural gas) represented approximately 76% of total 
plug loads.  
 In order to make the baseline CBECS energy use comparable to energy use in 
new LEED buildings compliant with ASHRAE 90.1-1999, 2.4%-14.8% of energy use 
was subtracted. This was based on a study comparing the efficiency of buildings 
compliant with ASHRAE 90.1-1999 versus ASHRAE 90.1-1989 (US Building Energy 
Codes Program 2002). This is further supported by CBECS data highlighted in the 2007 
Buildings Energy Data Book, showing that 1) buildings built between 2000 and 2003 and 
2) the entire building stock used 81.6 and 91 kBTU per square foot per year, respectively. 
It was assumed that an ASHRAE 90.1-1989 compliant building is a reasonably good 
proxy for CBECS energy use data, where the average EUI for all existing buildings is 91 
kBTU per square foot per year and buildings built between 1990-2000 (i.e., when many 
buildings were following ASHRAE 90.1-1989) averaged 90.3 kBTU per square foot per 
year. The assumption follows that the higher energy use by buildings not built to 
ASHRAE 90.1-1989 standards in the 1990’s is offset by renovations and equipment 
replacement in that same time period to bring these older buildings up to this standard or 
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beyond.  
 While approximately 41% of all LEED buildings earn EA credit 6, the actual 
percentage for a given building varies. For example, the value averaged 34% for LEED 
Certified office buildings and 67% for LEED Platinum office buildings. This variability 
was incorporated into the models for this study through the use of a random number 
generating function. For example, if the random number, which falls between 0 and 1, 
produced in the model for LEED Platinum office buildings was less than 0.67, then the 
reduction in environmental impacts would be equal to approximately 50% of the amount 
of electricity consumed (because that is the percentage of the building’s electricity likely 
to be supplied by green power purchased because this is the level set by LEED) 
multiplied by 0.86 (explained in the following paragraph) and then by the air emission, 
waste generation, and water consumption factors (Table 2).  
 It is normally assumed that these green energy purchases result in zero 
environmental impacts and, therefore, a reduction by 50% of the negative impacts of 
using conventional energy for a building, but recent work suggests otherwise. The Power 
Scorecard – a collaboration among Environmental Defense and Natural Resources 
Defense Council among others – makes an effort to quantify the level of such air, land, 
and water impacts of various energy sources (Power Scorecard 2006). In this analysis, 
scores ranged from 0 to 12, where 12 denoted the highest impacts from an energy source. 
For example, distributed solar power scored a 0.0, biomass with no nitrogen oxide 
controls earned a 4.1, coal corresponded to 8.5, and nuclear scored 11.8. The following 
equation illustrates how the value of 0.86 was derived to suggest that Green-e power does 
not translate into a 100% reduction in conventional energy impacts. “%” values 
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correspond to relative abundance of conventional (numerator) and Green-e renewable 
(denominator) energy sources and “Impact Score” refers to the value that each energy 
source received in its Power Scorecard rating. 
 
%86100 x 86.0
97.8
25.197.8
==
−
=
−
A
BA
, where 
 
"A" = weighted average score for conventional energy:  
(% Coal * Impact Score Coal) + (% Gas * Impact Score Gas) + … 
"B" = weighted average score for Green-e renewable energy: 
(% Solar * Impact Score Solar) + (% Wind * Impact Score Wind) + … 
 
 When model simulations were run, values were not drawn independently from 
each distribution because sometimes there were correlations between two variables. 
Correlations between a number of variables, e.g., between census region and emission 
factors, were considered, but no others were found to be present except between 1) EA 
credit 1 and EA credit 2, which addresses energy efficiency and on-site renewable 
energy, and 2) EA credit 6, which deals with green energy purchases. Correlation 
coefficients for each building category were calculated by first converting the energy 
efficiency percentage (0%- 60%) for EA credits 1 and 2 to a binary value of 1 or 0 to 
match the binary values for EA credit 6. For EA credits 1 and 2, a value of 0 meant that 
the building used the same amount of energy as the ASHRAE baseline building (which 
served as the standard used for the vast majority of buildings in the LEED point tally), 
while a value of 1 meant that the building used less grid energy than this standard. For 
EA credit 6, a value of 0 indicated that green energy purchases did not pass LEED’s 
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threshold, and a value of 1 denoted that the green energy purchase contracts exceeded 
50% of total electricity use for a term of more than two years. Next, tetrachoric 
correlation coefficients, which allow for the estimation of correlation coefficients for 
binary data sets, were calculated in SAS (SAS 2007). Resulting correlation coefficients 
were found to be relatively insignificant and varied from 0.04 to 0.16 depending on the 
building category.  
 
Air emission, waste generation, and water consumption factors. Table 2 summarizes 
these factors. The National Renewable Energy Laboratory (NREL) provides total 
emission factors for the air emissions as well as estimates for the generation of solid 
waste. These are based on source, not site, energy and, therefore, include combustion and 
pre-combustion pollution per kWh of delivered electricity (Deru and Torcellini 2006). 
Water consumption estimates are also derived from NREL research (Torcellini et al. 
2003), though the water consumption factors used in this research have been reduced 
compared to those from the NREL study. The NREL estimates are conservative and are 
based on available data; these assume that water lost through evaporation from reservoirs 
is due entirely to the need for electricity generation, and is, therefore, caused by 
hydroelectricity generation. However, our models assume that this water loss is also 
attributable to at least three other uses of dams, which may include recreation, flood 
control, irrigation, or municipal water supply. As such, we use estimates of water 
consumption per kWh of hydroelectricity equal to one-third of the NREL estimates. The 
US DOE's Office of Nuclear Energy (2006) provides estimates for nuclear waste 
generation.  
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Table 2.2. State-level source air emission, waste generation, and water consumption 
factors * 
 
Impact Units Mean Minimum* Maximum* Coefficient of Variability**
Carbon dioxide Lbs/MWh/yr 1.7E+03 1.8E+01 2.7E+03 0.41
High level nuclear waste Lbs/MWh/yr 1.2E-03 0.0E+00 4.5E-03 -
Low level nuclear waste Cf/MWh/yr 6.2E-04 0.0E+00 2.3E-03 -
Mercury Lbs/MWh/yr 3.8E-05 1.0E-06 1.7E-04 0.82
Nitrogen oxides Lbs/MWh/yr 3.0E+00 1.4E-01 5.0E+00 0.45
Particulate matter Lbs/MWh/yr 1.4E-01 7.7E-03 3.0E-01 0.54
Solid waste Lbs/MWh/yr 2.1E+02 2.8E-01 4.3E+02 0.55
Sulfur dioxides Lbs/MWh/yr 8.1E+00 1.1E-01 1.5E+01 0.47
Water Gallons/MWh/yr 2.3E+03 7.4E+01 2.4E+04 2.25
Carbon dioxide Lbs/BTU/yr 2.0E-04 1.2E-04 3.3E-04 -
Mercury Lbs/BTU/yr 3.9E-11 8.1E-16 9.3E-11 -
Nitrogen oxides Lbs/BTU/yr 3.4E-07 4.6E-08 9.2E-07 -
Particulate matter Lbs/BTU/yr 5.3E-08 5.3E-09 1.7E-07 -
Sulfur dioxides Lbs/BTU/yr 1.1E-07 6.1E-10 2.8E-07 -
** The coefficient of variabil ity represents the standard deviation divided by the mean, it is used because units and scale vary among the 
emission, consumption, and waste generation factors. "-" denotes an instance where the coefficient could not be calculated due to small sample 
size and less reliable standard deviations.
Off-site (Indirect Impacts)
On-site (Direct Impacts)
* Only data on average emissions, consumption, and waste generation from net energy-exporting states was used for off-site impacts, as these 
are more reliable than data from energy-importing states. Data for HLNW and LLNW are based on grid fuel mixes.
 
 
Assessment of simulation results. These results were then analyzed using F values, R-
square values, two impact ratios, and various overlays of the probability distribution 
functions of sets of 1,000 simulated impacts by LEED certification level. The F value and 
R-square values were calculated using SAS (SAS 2007). Each was used to compare 
“between-group” variability (i.e., discrete means for the impact distributions from 
buildings with different LEED certification levels would be ideal) and “within group” 
variability (i.e., smaller standard deviations within the impact distributions from 
buildings in each LEED certification level would indicate an acceptable rating system). A 
null hypothesis and F-test were not used because it was assumed that there is a difference 
between the means of different LEED certification levels.  
 46 
 The first impact ratio, referred to as “Rank Order Phase Shift,” was calculated by 
first rank ordering the results of the 1,000 simulated impacts from a building’s energy 
use. The resulting number is an expression of the percentage difference in impacts which 
occurs as different categories of building certification are considered, from non-LEED 
base case buildings through LEED Platinum buildings. An example calculation is shown 
below for one set of particulate matter emissions, though all 1,000 such ratios were also 
combined in an average Rank Order Phase Shift: 
 
Shift PhaseOrder Rank   100 x 1 - 
 Emissions PM
 Emissions PM
Silver LEED
Certified LEED
=







 
 
 The second impact ratio, referred to as “Percent Distribution Overlap,” quantifies 
the degree of overlap in comparisons of probability distribution functions of these sets of 
1,000 simulated impacts. This ratio ignores the issue of frequency in the simulations and 
represents the possibility that individual buildings certified at different levels of LEED 
could have the same level of environmental impact. Figure 2.2 depicts how this formula 
is calculated using simple probability distribution functions for the simulated mercury 
(Hg) emissions for 1,000 LEED Silver buildings and 1,000 LEED Certified buildings as 
an example. The range represented by the upper, shorter line was divided by the range 
estimated the lower, longer line to arrive at the Percent Distribution Overlap. Consider 
the formula below for an example calculation of this overlap for carbon dioxide 
emissions: 
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Overlapon DistributiPercent 
 Emissions Hg Minimum -  Emissions Hg Maximum
  Emissions Hg Minimum - Emissions Hg Maximum
Silver LEEDCertified LEED
Certified LEEDSilver LEED =  
 
 Finally, the probability distribution functions characteristic of Figure 2.2 allow for 
a visual representation of the overlap of actual simulated impacts (Figure 2.3 and 2.4). 
The relative level of kurtosis and degree of separation among each distribution can be 
seen in these graphs. Because the derivation of base case building energy use is not based 
on actual or modeled energy use and is, therefore, less than perfect, it is worth stressing 
that actual energy use and impact predictions in this research are less important than the 
degree of variation in said impacts. 
 
Figure 2.2. Visual representation of the calculation of “percent distribution overlap” 
using two probability distribution functions for hypothetical mercury emissions resulting 
from building energy use 
 
 
 
FINDINGS 
EUI values for simulated LEED and non-LEED, base case buildings were comparable to 
EUI data for actual LEED buildings and non-LEED, base case buildings (though the 
availability of energy use data on completed LEED buildings is sparse and the range of 
Mercury Emissions (lbs/square foot/year) 
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EUI is also high). In analyzing the results presented here, it is important to understand 
that the environmental impacts represented are not cumulative. That is, a building 
responsible for a very high level of nuclear waste generation would not likely be the same 
building shown in the probability distribution functions that is responsible for a very high 
level of carbon dioxide emissions. These buildings would likely be located on grids with 
substantially different fuel mixes.  
Figures 3 and 4 show the variation in two of the nine impacts studied here: carbon 
dioxide and particulate matter emissions. Variation in the other seven impacts looks very 
similar. The results suggest that on average there is (at least) a distinction among the 
emissions of buildings with different LEED certification levels. That said, there is 
considerable overlap in these impacts, and when making comparisons of individual 
buildings, the variation can become problematic. For example, the results indicate that it 
is possible for the energy-related environmental impacts of a LEED Certified or Silver 
building to be lower than those of a LEED Platinum or Gold building.  
The majority of results presented here are based on office buildings because 1) 
LEED was primarily designed to serve this product type, 2) these buildings constitute the 
largest portion of the empirical data from the USGBC’s point tally, and 3) the results 
based on other building types analyzed are similar in pattern and scale to those from 
office buildings. The study yielded a separate figure for each of the nine environmental 
impacts for all four building categories – all buildings combined as well as educational, 
office, and residential buildings. All were combined in the same manner as in Figures 2 
and 3. 
F values were calculated for each of the four building categories and for all nine 
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Base case, 
non-LEED building
LEED Platinum 
building
impacts, for a total of 36 values. All F values had corresponding probability values less 
than 0.001, which suggests that there are statistically significant differences among the 
mean impacts of buildings with different LEED certifications, even if the variability 
distributions overlap to a high degree. These high F values are caused in part by the large 
sample size – 2,000 to 5,000 data points for each of the 36 analyses for F values and R-
square values (i.e., 1,000 simulated impacts for nine impacts across four different  
 
Figure 2.3. Probability distribution functions for carbon dioxide emissions for models 
analyzing office buildings with different levels of LEED certification (or lack thereof) 
 
Figure 2.4. Probability distribution functions for particulate matter emissions for models 
analyzing office buildings with different levels of LEED certification (or lack thereof) 
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buildings categories with varying levels of LEED certification levels). As the number of 
actual LEED-certified buildings reaches the thousands, the implications of these F values 
become more noteworthy. 
The R-square values, which are not influenced by the sample size, show a slightly 
different picture. These values capture more of the variation represented by the high 
Percent Distribution Overlap values (described next) and probability distribution 
functions shown previously in Figures 3 and 4. R-square values ranged from 0.06 – 0.32 
with a mean of 0.18. Given the large intra-group variation, this suggests that a non-trivial 
portion of overall variation lies between the groups, i.e., between any set of simulated 
impacts from buildings with different LEED certification levels. 
The two impact ratios also produced mixed results. The first, the Rank Order 
Phase Shift, was calculated for all four building categories. These values were similar 
across building categories. For office buildings, the mean value was 58% when 
comparing the all nine impacts between a non-LEED, base case building and a LEED 
Certified building. This implies that on average (given 1,000 buildings of each type) a 
non-LEED, base case building would be expected to generate 58% more air emissions, 
waste products, or water consumption than a LEED Certified building. Side-by-side 
comparisons of LEED buildings with different LEED certification levels showed a mean 
Rank Order Phase Shift value of 18%. For example, on average a LEED Gold office 
building would have approximately 20% more nitrogen oxide emissions due to its energy 
use compared to similar indirect emissions from a LEED Platinum office building.  
Table 3 summarizes these comparisons for LEED among all four building 
categories. Note that “Base case/Certified” percentages are similar across building 
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categories. “Gold/Platinum” percentages are also consistently higher than other side-by-
side comparisons of impacts from LEED-certified buildings. “Base case/Certified” 
percentages for residential buildings are higher than those for other building categories 
because these LEED Certified buildings tend to have higher values for EA credit 1 and 2 
as well as EA credit 6 than LEED Certified buildings in other categories. 
However, the second impact ratio, the Percent Distribution Overlap, averaged 
90%, which represents considerable commonality of environmental impacts in side-by-
side comparisons of LEED buildings (Figure 2.2). In theory, this percentage would be 
much lower and represent more separate impact distributions, as one might expect, 
among buildings with different LEED certification levels.  
 
Table 2.3. Percentage differences in environmental impacts in the four building 
categories based on LEED certification level  
 
Impact Residential Buildings
Base case/
Certified
Certified/
Silver
Silver/
Gold
Gold/
Platinum
Base case/
Certified
Certified/
Silver
Base case/
Certified
Certified/
Silver
Silver/
Gold
Gold/
Platinum
Base case/
Certified
Carbon dioxide 51% 11% 17% 20% 46% 22% 44% 21% 13% 22% 65%
High level nuclear waste 67% 13% 15% 18% 58% 26% 53% 23% 15% 20% 85%
Low level nuclear waste 67% 13% 16% 18% 59% 25% 51% 23% 15% 22% 86%
Mercury 46% 8% 15% 20% 58% 24% 39% 16% 12% 18% 55%
Nitrogen oxides 56% 9% 12% 21% 48% 21% 50% 16% 16% 20% 64%
Particulate matter 48% 8% 13% 23% 37% 20% 40% 16% 12% 20% 53%
Solid waste 62% 15% 15% 20% 60% 27% 61% 23% 16% 21% 77%
Sulfur dioxides 61% 11% 21% 15% 52% 29% 53% 22% 19% 21% 87%
Water 53% 21% 10% 22% 58% 26% 60% 15% 12% 32% 78%
Average 57% 12% 15% 20% 53% 24% 50% 19% 14% 22% 72%
All 
Buildings
Educational 
Buildings
Office 
Buildings
 
 
With respect to the sensitivity analysis performed, the parameters shown in Table 
4 are responsible for creating most of the variation in impacts, and, as such, should 
receive the most attention when thinking about alterations to the current LEED 
framework to better incorporate environmental metrics. For example, consider that for 
office buildings, the sensitivity analysis showed that “LEED EA credits 1 and 2” ranked 
in the “Top 3” of all parameters when seven of the nine environmental impacts (78%) 
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were analyzed. It is worth noting that some of these parameters are somewhat outside of 
the control of many building owners and developers, i.e., many are location-dependent. 
However, this should not imply that these impacts are ignored in a green building scoring 
system. It could suggest, for example, that the awarding of LEED points might need to be 
made location-dependent.   
 
Table 2.4. Sensitivity analysis showing the five most important parameters in creating 
variation in the nine energy-related environmental impacts of LEED buildings  
 
Overall 
Rank Parameter
No.1 Top 3 No.1 Top 3 No.1 Top 3 No.1 Top 3
1 Air emission, waste generation, 
and water consumption factors 78% 78% 78% 78% 78% 78% 78% 78%
2 LEED EA credits 1 and 2 0% 56% 0% 100% 0% 78% 0% 78%
3 % electricity versus natural gas/fuel oil 0% 56% 0% 44% 0% 56% 0% 56%
4 Building energy use 0% 56% 0% 22% 0% 44% 0% 67%
5 Nuclear as % of grid energy 22% 22% 22% 22% 22% 22% 22% 22%
Ranking as the Most Signifcant Sources of Variation 
All 
Buildings
Educational 
Buildings
Office 
Buildings
Residential 
Buildings
 
 
Table 5 shows the effects of an imprecise green building certification program on 
the environmental footprint of a city, state, federal agency, or campus which uses LEED 
as policy. It is unlikely that the dozens of such organizations who rely on LEED for 
gauging their innovation, forward thinking, and environmental performance would expect 
this much variability resulting from their policies and codes. It considers the possible 
range of environmental impacts created by 2,000,000 square feet of new buildings 
affected by an institutional policy mandating or providing incentives to developers to 
build LEED Silver office buildings. To make this variation more tangible using the 
conversion factor of one pound of carbon dioxide produced per mile driven in an 
automobile, consider that the difference between the minimum and maximum carbon 
dioxide emissions from these 2,000,000 square feet of buildings is equivalent to taking 
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approximately 8,300 cars off the road per year (US Environmental Protection Agency 
2007). 
 While the majority of models used in this research assume that modeled energy 
use is equal to actual energy use, since this is the premise under which LEED operates, 
Table 6 shows the increase in the variability of impacts that occurs when the ratio of 
actual versus modeled energy use is included in the model. This change increases the 
variability of impacts from LEED Silver buildings by 10% - 38%. Similarly, LEED’s use 
of energy cost versus actual energy consumption as the metric to estimate reduction in 
conventional grid energy use also can also lead to variation in the impacts from LEED 
buildings. When this factor was added to the basic model, increases in variability were 
found to be similar to those shown in Table 5. Again, the coefficient of variability – the 
standard deviation divided by the mean – is used to represent this increase in variation 
because it allows comparison across the nine different impacts regardless of scale and 
units. 
 Finally, two other versions of the basic model were considered. The first involved 
ignoring the reduction in impacts that could occur due to the purchase of green energy 
offsets. Because the market for RECs is a relatively young, voluntary market in the US, 
some question the real meaning of RECs, despite the third-party verification by the 
Center for Resource Solution and its Green-e program. Green energy supported through 
the purchase of RECs is often located on a different grid with different fuel mixes than 
the building for which they are purchased, which makes emission reduction calculations 
complicated. Plus, the assurance of “additionality” is uncertain – i.e., it is difficult to 
ascertain whether a new wind farm would have been developed without the financial  
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Table 2.5. Variations in energy-related environmental impacts from LEED Silver office 
buildings as the scale reaches 2,000,000 new square feet of construction 
 
Impact Units Minimum Maximum Maximum /Minimum
Carbon dioxide Lbs/year 3,300,000 104,000,000 32
High level nuclear waste Lbs/year 0 153 -
Low level nuclear waste Cf/year 0 80 -
Mercury Lbs/year 0.3 9 30
Nitrogen oxides Lbs/year 10,100 214,000 21
Particulate matter Lbs/year 740 16,000 22
Solid waste Lbs/year 130,000 14,000,000 108
Sulfur dioxides Lbs/year 12,000 540,000 45
Water Gallons/year 960,000 603,000,000 628
 
 
Table 2.6. The influence of actual versus modeled energy use on variation in the energy-
related environmental impacts of LEED Silver office buildings 
 
Before* After** % Increase in Impacts
Carbon dioxide 0.45 0.58 29%
High level nuclear waste 0.69 0.82 19%
Low level nuclear waste 0.70 0.83 19%
Mercury 0.46 0.60 30%
Nitrogen oxides 0.43 0.56 30%
Particulate matter 0.42 0.58 38%
Solid waste 0.61 0.74 21%
Sulfur dioxides 0.57 0.70 23%
Water 1.00 1.11 11%
Coefficient of VariabilityImpact
** This model scenario assumes that designed energy use does not equal actual energy use.
* As in LEED, this model scenario assumes that designed energy use equals actual energy use.
 
 
support generated through RECs. Most of the simulations in this research assume that the 
purchase of green energy supports renewable energy generation that would not have 
occurred otherwise and that the environmental impacts avoided through the purchase of 
RECs correspond to those impacts that would have been caused by a building’s location 
in its own particular electrical grid. However, when these offsets are eliminated for 
LEED Silver office buildings, mean environmental impacts increase by 15% - 42% with 
an average increase of 28%. Table 7 illustrates increases for specific impacts.  
The last model variation involved fixing the air emission, waste generation, and 
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water consumption factors at national averages – as often happens now when the 
environmental impacts of a building are estimated – rather than as distributions varying 
by geography and corresponding grid, as was done for the models in this study. This 
reduced variability by 29% - 58%, with an average reduction of 36%. Accordingly, these 
results suggest that using average air emission, waste generation, and water consumption 
factors substantially misrepresents the variation in the environmental impacts caused by 
buildings. 
 
Table 2.7. The percentage increases in energy-related environmental impacts for LEED 
Silver office buildings when green energy purchases are ignored 
 
Impact % Increase in Impacts
Carbon dioxide 29%
High level nuclear waste 30%
Low level nuclear waste 29%
Mercury 15%
Nitrogen oxides 27%
Particulate matter 15%
Sulfur dioxides 33%
Solid waste 33%
Water 42%
 
 
DISCUSSION AND CONCLUSION 
The results suggest a considerable amount of between-building variation in the nine 
selected environmental impacts of LEED buildings. For an individual building category, 
the variation appears to be greater than that which most people would consider desirable 
for a green building certification system. On the other hand, when looking at the variation 
among the means for thousands of simulated LEED buildings, the variation suggests an 
acceptable degree of difference between at least the mean values of the impacts for LEED 
and non-LEED buildings and among buildings with different levels of LEED 
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certification. 
The significance of these results, showing wide overlap in the variability 
distributions for different levels of LEED certification, might be lessened by arguing that 
LEED was intended to be an instrument for market change, not a scientific tool for 
assessing the environmental impacts of buildings. While that may be true, in the absence 
of widely accepted methods for assessing building-related impacts, many building 
professionals, owners, and other stakeholders look to LEED to serve this more 
quantitative purpose. Accordingly, it is worth considering whether it serves this purpose 
in light of the results presented here. Moreover, given other categories of concern in 
LEED, such as site selection, indoor environmental quality, water efficiency, and 
materials and resources, it would be a mistake to quickly generalize the results of this 
research to the entirety of LEED.  
One important source of energy-related impacts that was not addressed in this 
research is the required transportation to and from buildings. Preliminary calculations 
from Jonathan Rose Companies (2006), a developer of infill and mixed-use projects 
suggests that – depending on building location, building type, and building energy 
efficiency – transportation energy use can account for 20% - 60% of combined building 
and transportation energy use. Similarly, initial calculations in an analysis by 
Environmental Building News suggest that transportation energy use could actually 
exceed building site energy use for an “average” building, though a comparison to a 
building’s source energy use would change this relationship (Wilson with Navaro 2007). 
In addition, the emission profiles vary between power plant and automobile combustion 
engine. Future work should take these emissions into consideration, despite the 
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significant number of assumptions required to arrive at these estimates of environmental 
impacts. In fact, this lack of attention to transportation and site-related impacts has been a 
major criticism of LEED for New Construction, which has been overcome to a degree 
with the development of LEED for Neighborhood Development. 
In addition, it could be argued that improving the ability of LEED to measure 
environmental impacts without considering the costs for LEED buildings is problematic 
because owners, developers, and tenants are more concerned about costs than 
environmental impacts. While cost-effective green design is important, its economics 
were deemed to be outside the scope of this work and have been addressed in numerous 
studies mentioned previously. Furthermore, in addition to green design, many other 
factors affect construction cost and calculations of green premiums, such as the use of 
additional consultants or reliance on the conventional development team, the time 
required to finish a project, financing options, fee increases to account for risk and 
uncertainty, capital structure, and the varying cost and choice of materials. 
 Similarly, efforts to improve the accuracy and precision of LEED will not 
necessarily lead to an increased rate of adoption of green building in the market. In fact, a 
wide variety of other factors ultimately affect the increased abundance of buildings with 
lower environmental impacts, such as media attention, market demand, government 
incentives, and the costs of green products and systems as they reach scale. More 
importantly, to the degree that any suggested changes to LEED improve its scientific 
basis but add to its complexity or diminish the ease with which it is understood, these 
changes could decrease the adoption of LEED. Despite this concern, improvements seem 
to merit attention in order that LEED certification – notably certification with LEED 
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version 3.0 currently being created – is more meaningful and comparable across 
buildings in terms of environmental impacts.  
 The authors’ next phase of research will build on this current study and will focus 
on such alterations to LEED. This will include a focus on 1) revisions to the LEED 
scoring system so that it better incorporates environmental metrics and reduces the 
variability of said impacts by LEED certification level and 2) the creation of user-friendly 
methods for allowing a comparison of the environmental impacts from LEED buildings 
with similar parameters (e.g., building type and grid fuel mix). Since this research began 
in mid-2006, the USGBC itself has already begun to take steps in this direction by 
requiring buildings to now 1) obtain at least two EA credit 1 points above ASHRAE 
90.1-2004 and 2) reduce building carbon emissions by 50% compared to current levels.  
 Other research should focus the variability in LEED buildings’ environmental 
impacts in other LEED categories (e.g., Water Efficiency, Materials & Resources). 
Investigations should also aim to understand how to weight the relative importance of 
each environmental impact, which will facilitate the estimation of an aggregate 
environmental impact from buildings across many impacts such as the nine discussed 
here. A variety of work has been done on this topic to date (Levin 1997; Goedkoop et al. 
1993, 1995) and a number of methods are available to determine weightings based on 
expert input (Barzilai and Golany 1990; Saaty 1980; Linstone and Turoff 2002). The 
weighting criteria to arrive at weightings, for example, could be based on the spatial scale 
of the impact, the severity of the hazard, the degree of exposure, the penalty for being 
wrong, and the status of affected sinks (Levin 1997; US Environmental Protection 
Agency 1990). 
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 In conclusion, it is worth reiterating the success of the USGBC’s LEED program 
in contributing significantly to the growing transformation of the US construction 
industry towards healthier, more environmentally responsible buildings. In the 2006 
white paper entitled, Green Buildings and the Bottom Line, Building Design + 
Construction states it this way: “What started out as a charismatic environmental crusade 
has matured into an established sector of the U.S. construction industry” (Building 
Design + Construction 2006). Given the increasingly influential role that LEED is 
playing, it seems clear that the rating program should be as robust and meaningful as 
possible. While careful not to negate the good in favor of the perfect, the authors hope 
that this research contributes to the constant improvement which characterizes much 
needed programs like LEED. 
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CHAPTER 3. 
 
IMPROVING THE LINK BETWEEN THE LEED GREEN BUILDING LABEL 
AND A BUILDING’S ENERGY-RELATED ENVIRONMENTAL METRICS  
 
Note: 
 
This chapter was submitted for publication in the Journal of Green Building March of 2008 and is 
currently under peer review. The inclusion of the manuscript here in most of its original format for 
publication may lead to certain repetitions in content or variations in formatting compared to other 
sections of this dissertation. 
 
ABSTRACT 
The US Green Building Council’s (USGBC) Leadership in Energy and Environmental 
Design (LEED) green building rating program has grown from a little known tool for 
market change to a label and brand relied upon by many of the largest players in real 
estate. LEED has also become an indicator of the sustainability of an organization, a 
building and/or a community, and as such, serves as an instrument for environmental 
management. While LEED-certified buildings tend to offer greater environmental or 
health benefits compared to their conventional counterparts, research and professional 
experience shows that the variation in these benefits varies even among buildings of the 
same LEED certification level. In addition, the magnitude of environmental impacts in 
LEED buildings is sometimes higher than expected. In light of growing concerns about 
“greenwashing” and the liability associated with questionable environmental 
declarations, it is important to ensure that users of LEED and similar environmental 
certification programs receive a set of benefits comparable to those expected. With a 
focus on energy-related issues, this research (1) summarizes the benefits and growth of 
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LEED buildings, (2) highlights evidence of the inconsistency between the expected and 
actual benefits of LEED, (3) suggests revisions to LEED’s Energy & Atmosphere (EA) 
section to reduce the variation and magnitude in the energy-related environmental 
impacts from LEED buildings, (4) quantifies this reduction in variation and magnitude of 
impacts using Monte Carlo analyses and probabilistic models created specifically for this 
research, (5) compares carbon dioxide emissions from buildings under three different 
LEED scoring schemes to the Architecture 2030 Challenge goals, (6) quantifies the 
importance of scoring LEED buildings on a per capita normalized basis and (7) offers 
ways to operationalize these changes to LEED. 
 
KEY WORDS 
Green building, USGBC, LEED, Monte Carlo analysis, Greenwashing, Probabilistic 
modeling, Carbon offsets, Renewable Energy Credits, Green power, Architecture 2030 
Challenge 
 
INTRODUCTION 
Buildings and the need for environmental solutions. The high level of material 
consumption, energy use, water consumption, health effects, air pollution and carbon 
emissions from the building industry have been well documented (Lenssen and Roodman 
1995; Cole 1999; Uher 1999; Newton et al. 2001; Goodman and Walker 2006). For 
example, the built environment is responsible for approximately 39% - 48% of US carbon 
emissions (Mazria 2003; US Department of Energy 2007a) and 71% of all US electricity 
use (US Department of Energy 2007b). In addition, projections for population growth and 
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significant additions to the built environment suggest that these impacts are likely to 
increase substantially in the coming decades. Consider that the US population is 
predicted to grow by over 88 million people between 2008 and 2050 – an increase of 
almost 30% (US Census Bureau 2008). Moreover, the US is projected to need over 100 
billion additional square feet of new residential space by 2030 (Nelson 2003). 
 
The USGBC, LEED and the environmental benefits of green buildings. Green 
buildings – also known as high performance or sustainable buildings1 – offer one way to 
mitigate the current and growing environmental impacts from the built environment. And 
the USGBC – with over 13,000 organizational members, more than 42,000 LEED 
Accredited Professionals, 20 million hits per month to the USGBC website, and LEED 
certification programs ranging from homes to neighborhoods to portfolios of buildings – 
has risen to the challenge. With over 600,000 volunteer hours logged in the consensus 
approach it has relied on to create the LEED green building labeling programs, the 
USGBC and its LEED rating system have become the current green standard for the 
majority of green building and development in the US (USGBC 2007a). Table 3.1, 
extracted from USGBC data, highlights the growth of the USGBC and LEED buildings 
and illustrates that with this exponential growth emerges a second purpose for LEED – to 
serve as an environmental management tool – in addition to its primary intended role as 
                                                 
1
 While all three terms, among others, are often used interchangeably, “high performance building” tends to 
focus on building features which reduce energy and water use while enhancing worker health and productivity. 
“Green building” may be used to describe buildings designs focused on reducing a building’s environmental 
footprint. On the other hand, “sustainable building” might address a building’s contribution to triple bottom 
line goals of economic, social and environmental concerns; it may also deal with more absolute or rigorous 
sustainability goals instead of what some would call a type of marginal or incremental sustainability addressed 
by other labels or programs. 
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tool to stimulate market change. Appendix 1 provides much more detail on this growth 
by year. 
 
Table 3.1. Average annual growth of the USGBC and LEED between 2000 and 2007 * 
Indicator Annual % growth Total #
# of USGBC member organizations 60% 13,000
Registered LEED building square footage 180% 2,900,000,000
Certified LEED building square footage 80% 138,000,000
* Based on late 2007 USGBC data
 
 
Though LEED buildings can offer positive economic gains, such as reduced 
operating costs and enhanced asset value, as well as health benefits, including better 
indoor air quality, the focus in this paper is on environmental benefits. As an illustration 
of this latter group of benefits, consider that the USGBC LEED point tally of completed 
projects, as of December 2007 – the national database of project details LEED-certified 
buildings – shows that over 60% of LEED buildings, compared to new non-LEED 
projects, are designed and constructed to (1) use 100% less water for outdoor uses and (2) 
consume at least 30% less water for indoor uses, while (3) diverting more than 75% of 
construction and demolition waste from the landfill (USGBC 2007b). The same data also 
show that over 75% of LEED projects install low- or no-VOC products (e.g., carpets and 
paints) and more than 43% of LEED buildings provide daylighting to over 75% of 
occupied spaces (USGBC 2007b).  
Similarly, recent research by the New Buildings Institute (NBI) and the USGBC 
shows that completed LEED buildings use an average of 25% - 30% less energy than 
non-LEED buildings (Frankel et al. 2007). The study results indicate that some LEED 
Gold and Platinum buildings achieve high enough performance to meet the Architecture 
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2030 Challenge goals for reductions in carbon, but these account for less than 0.1% of 
new buildings each year.2 The Architecture 2030 Challenge calls for new buildings today 
to have a 50% reduced carbon footprint compared to existing buildings, with steady 
increases in efficiency and renewable energy until reaching carbon neutral new buildings 
by 2030 (Architecture 2030 2007). 
 
Measuring environmental impacts in buildings. With 75 cities, 23 counties, 17 towns, 
27 states, 12 federal agencies, 10 public school jurisdictions, 36 institutions of higher 
education and dozens of large corporations mandating or incentivizing developers to 
build LEED buildings (USGBC 2007b), and with dozens of other green building 
programs, such as ENERGY STAR and Green Globes, the construction and real estate 
industry is indeed “amidst a surging ‘culture of assessment’” (Cole 2006a). At the same 
time, advertisements and articles in most real estate publications would suggest that every 
developer, design firm and project is a shining star of sustainability.  
 As a way to maintain credibility, build brand and project differentiation, reduce 
liability and potentially attract investors, sellers or other key partners, several 
organizations, in addition to the USGBC, have begun to create their own set of metrics 
for building performance – environmental and otherwise. These include academic-
government-investor coalitions such as the United Nations Environment Programme 
Finance Initiative Property Working Group and the affiliated Responsible Property 
Investing Center, global multi-stakeholder networks such as the Global Reporting 
Initiative and developer-investors such as Cherokee Investment Partners. 
                                                 
2
 This calculation relies on the US Energy Information Administration (EIA) 2003 CBECS database and 
assumes 1.7% annual growth in commercial buildings per year, for a total of ~82,000 new buildings per year. In 
2007, USGBC data shows that ~14 Platinum and ~44 Gold buildings were certified. 
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Closer analysis of the environmental footprint of buildings has been the topic of 
numerous academic studies and print commentary. The foci have covered international 
assessment programs and contexts (Uher 1999; Hansen and Dammann 2002; Werner et 
al. 2002; Crawford et al. 2003; Chung 2005; Duncan 2005; Johnston et al. 2005; 
Malmqvist and Glaumann 2006; Sunikka 2006), the overlap or competition of building 
assessment programs in the same market (Bosch et al. 2003; Malin 2005; Boecker et al. 
2006; Cole 2006b), the use of environmental indicator systems for the built environment 
(Uher 1999; CRISP 2002; Werner et al. 2002; Dammann and Elle 2006; Malmqvist and 
Glaumann 2006), the importance of a more integrated approach to building assessment 
tools (Lützkendorf and Lorenz 2006), definitions of absolute environmental limits and 
true sustainability for buildings and the construction industry (Lowe 2006; Pearce 2006) 
and the value and use of quick checklist assessment methods (Gething and Bordass 
2006). 
Additional related work addresses topics such as the redefining of the objectives 
of environmental assessments for buildings (Kaatz et al. 2006), the significance of the 
built environment’s carbon footprint (Johnston et al. 2005; Lisø 2006; Sunikka 2006), the 
logic (or lack thereof) of the LEED rating system (Eijadi et al. 2002; Stein and Reiss 
2004; Frangos 2005; Brook 2007; Del Percio 2007), indoor comfort versus environmental 
sustainability issues (Chappells and Shove 2005), the “emissions payback period” of 
renewable energy systems in buildings (Crawford et al. 2003), the role of regionalism in 
sustainable development (Lorch and Cole 2003; Lorch 2006), attempts at international 
standardization of sustainable building and building product assessment (ISO 2006a; ISO 
2006b) and efforts to use eco-labels to rate the “greenness” of building and consumer 
 73 
products (ISO 2000; Jordan et al. 2003; Rumsey and McLennan 2004; Makower 2006a; 
Probst 2006; Faludi 2007; ISO 2007; Timberland 2007; USGBC 2007d; Atlee and Altes 
2008).  
Of greatest relevance to this present analysis, a variety of research has assessed 
the variation in energy use and energy-related impacts from green buildings (Sheltair 
Group 1999; Bordass 2004; Pless and Torcellini 2004; Scofield 2004; Diamond 2006; 
Frankel et al. 2007; Wedding and Crawford-Brown 2007). Sources of variation in these 
impacts include, for example, (1) the fuel mix at power plants and on electrical grids, (2) 
the variety of specific LEED credits obtained, (3) the difference in modeled versus actual 
energy use, (4) building type and (5) the type of renewable energies used on site or 
purchased from off-site sources. However, no research has yet proposed a 
comprehensive, quantitative overhaul of LEED’s Energy & Atmosphere (EA) category in 
order to reduce the variation and magnitude of energy-related impacts from LEED-
certified buildings. This effort becomes increasingly relevant with recent reports 
published and initiatives established to address the prevalence of “greenwashing” – that 
is, the marketing of certain environmental performance attributes which are accidentally 
or intentionally inaccurate or untrue (Terrachoice 2007; US Federal Trade Commission 
2007; EnviroMedia 2008). 
In part to address this issue of varying environmental impacts from LEED 
buildings, the USGBC has taken several significant steps since this present research 
began by requiring buildings to now (1) obtain at least two EA credit 1 points above the 
ASHRAE 90.1-2004 baseline to improve LEED building energy efficiency and (2) 
reduce building carbon emissions by 50% compared to emissions from existing buildings. 
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In addition, USGBC efforts are underway, as of January 2008, to incorporate life cycle 
environmental assessment (LCA), weighting and scoring for the LEED programs and to 
roll out a carbon offset program in the spring of 2008. The LCA work is likely to be 
based on (1) the work of the US Environmental Protection Agency’s (EPA) TRACI – 
Tool for the Reduction and Assessment of Chemical and other environmental Impacts – 
an impact assessment decision framework, (2) impact weightings derived from an 
analytical hierarchy process (AHP) through the National Institute of Standards and 
Technology’s BEES program (Building for Environmental and Economic Sustainability) 
and (3) a 50/50 split between focusing on human health and environmental impacts 
(Owens 2007). 
 
The legitimacy of green energy purchases in accounting for a LEED building’s 
environmental footprint. When quantifying the energy-related environmental impacts 
of a green building, the use of green energy purchases via renewable energy credits 
(RECs) and utility green pricing programs raises considerable debate. A variety of 
organizations have demonstrated their support for green energy purchases as a way to 
stimulate renewable energy and reduce a building’s or organization’s emissions from 
electricity generation. These include greenhouse gas programs, such as the US EPA’s 
Climate Leaders Program and the California Climate Action Registry; leading 
environmental non-profit organizations, such as the World Resources Institute and the 
Sierra Club; private sector organizations, such as PepsiCo; and prominent wind farm 
developers, including Community Energy Inc. (CEI), (Hanson and Van Son 2004; 
California Climate Action Registry 2007; PepsiCo  2007; Sierra Club 2007; US 
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Environmental Protection Agency 2007a; US Environmental Protection Agency 2007b; 
WRI 2008). The EPA’s Green Power Partnership includes over 750 member 
organizations, with total annual green power purchase commitments in excess of 10 
billion kilowatt-hours (kWh) – the equivalent electricity use of ~850 million square feet 
of average US commercial real estate (US Environmental Protection Agency 2007c). In 
addition, to reduce concerns about quality and additionality, LEED only permits 
contributions from green energy certified by the Center for Resource Solutions’ Green-e 
Energy program. 
 However, others criticize the claims of emissions reductions based on the 
purchase of RECs, in large part because of the uncertainty regarding (1) the cause-and-
effect relationship between green energy payments (as catalysts) and the creation of new 
sources of renewable energy on the US electrical grid to displace more polluting, 
conventional grid supplies (Holt and Bird 2005; Baratoff et al. 2007; Gillenwater 2007a; 
Gillenwater 2007b), (2) the ownership of the emissions reductions from such purchases – 
whether the owner is the green energy purchaser or the utility plant (Holt and Bird 2005; 
Holt et al. 2006; Gillenwater 2007a), (3) the quantification of emissions reductions 
resulting from green energy purchases (Schendler 2006; Gillenwater 2007a; Gillenwater 
2007b), (4) whether the current voluntary green energy market is any different than 
“business as usual” (e.g., is the market long or short?) and as such deserves to be treated 
as “additional” emissions reductions (Gillenwater 2007a) and (5) the definition of a REC 
(Holt and Wiser 2007).  
This lack of consensus on the emissions reductions associated with green energy 
purchases prompted the US Federal Trade Commission to begin its discussions of green 
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energy purchases and carbon offset environmental marketing language on January 7, 
2008 – a year earlier than planned (US Federal Trade Commission 2007). For the time 
being, the resolution of this issue remains a concern; it is outside of the scope of this 
research; and emissions reductions from green energy purchases are assumed to be 
credible. 
 
The legitimacy of carbon offsets in accounting for a LEED building’s environmental 
footprint. Similar to the concerns about green energy purchases, carbon offsets, 
especially in the “Wild West” of the voluntary (versus mandatory) carbon market in the 
US, currently receive a very ambivalent response from the market. On one hand, major 
institutions – such as Delta, Pacific Gas & Electric, Nike, Dell and Google – continue to 
make proud public statements about their purchase of such offsets. In addition, the 
volume of voluntary carbon offsets purchased increased by over 1000% from 2004 to 
2006 (Zwick 2006). Benefits from the purchase of carbon offsets include the opportunity 
or ability to (1) raise an individual’s or organization’s awareness of their carbon footprint, 
(2) “kickstart new low carbon technologies” or (3) stimulate a “real market for renewable 
energy” (Main 2007; Kollmuss and Bowell 2007). Many hail the success of the sulfur 
dioxide cap-and-trade program – which led to a 37% reduction in 12 years, 22% below 
mandated levels – as an indicator that the use of offsets, especially in a federal cap-and-
trade program for greenhouse gases, could be the most efficient path to reducing 
emissions (Environmental Defense 2007a).  
However, detractors refer to carbon offsets as a way to “throw money at a 
problem” or to obtain a “get-out-of-jail-free card” (Linn 2007). Representatives from the 
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Sierra Club put it this way, "…As a society, we need to reduce our emissions by 2% per 
year for the next forty years [an 80% reduction in emissions by 2050]. We're not going to 
do that through offsets." (Thompson and Moles 2007). As such, some argue that carbon 
offsets may serve to largely divert our attention from the real need for emissions 
reductions (Capoor and Ambrosi 2007). 
With current new programs such as the Northeast’s Regional Greenhouse Gas 
Initiative (RGGI), California’s Global Warming Solutions Act (AB 32), the Western 
Regional Climate Action Initiative (WRCAI) and the Climate Registry, which involves 
efforts by thirty-one US states, it appears that a mandatory federal carbon reduction 
program is likely in the very near future. As such, the treatment of carbon markets when 
measuring a LEED building’s impacts will need to be resolved. One possible aid in this 
quandary could be the newly released (February 2008) Green-e Climate program, the 
nation's first certification program for greenhouse gas emission reductions (carbon 
offsets) sold to consumers on the retail market.  
For a more thorough discussion of carbon markets and the quality of carbon 
offsets, see Hamilton et al. (2006), Kollmuss and Bowell (2006), Trexler Climate and 
Energy Services, Inc (2006),  Capoor and Ambrosi (2007), Environmental Defense 
(2007b) and Hamilton et al. (2007). Current criteria for rating the quality of carbon 
offsets and offset providers are shown in Appendices 3 and 4.  
  
The scope of this research. This project is a follow-up effort to a related research 
undertaking entitled “An Analysis of Variation in the Energy-Related Environmental 
Impacts of LEED Certified Buildings” (Wedding and Crawford-Brown 2007). 
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Accordingly, that project will be referred to as “Phase I.” Like this current research, 
Phase I relied on the creation and use of Monte Carlo probabilistic models, based on 
empirical data, to simulate nine environmental impacts from LEED buildings and assess 
the variation in these impacts. 
The goal of this current research, henceforth termed “Phase II,” was to analyze 
the effects of suggested improvements to the Energy & Atmosphere section of LEED on 
the variation and magnitude of the energy-related environmental impacts from LEED 
buildings, as observed in Phase I. Suggested alterations to LEED are detailed in the 
following sections (see Table 3.2). Justification for the feasibility and benefit of each 
alteration is also discussed. Simulated carbon dioxide emissions from models based on 
LEED buildings, before and after the suggested changes, are also compared to 
Architecture 2030 Challenge goals. The importance of scoring a LEED building based on 
the number of employees, i.e., rewarding distinction based on per capita normalized 
impacts, is also illustrated. Finally, the authors propose initial steps to operationalize 
these suggested revisions to LEED and offer discrete steps for future research on this 
topic.  
 
METHODS 
Defining environmental impacts. Despite the current prominence of climate change 
concerns and the seemingly one-pointed focus on carbon emissions, with over 130 
million Americans living in areas of non-attainment with one of more of the US EPA’s 
criteria pollutants, it seemed appropriate to broaden the scope of energy-related impacts 
(US Environmental Protection Agency 2002). Accordingly, for this study, energy-related 
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environmental impacts refer to nine end points of concern: emissions of carbon dioxide, 
nitrogen oxides, sulfur dioxide, mercury, and particulate matter; the generation of solid 
waste and nuclear waste (high level and low level); and water consumption.  
These include power plant and/or on-site combustion-related environmental 
impacts attributable to building energy use. Impacts here should be thought of as 
environmental loadings (e.g., CO2 emissions) rather than subsequent effects (e.g., an 
increase in global temperatures). Dispersion modeling to and within media, assimilation 
into the environment (e.g., biochemical transformation), as well as organismal uptake and 
corresponding health effects (i.e., risk assessment) are outside the scope of this research. 
Moreover, the focus is on regional and global impacts rather than site-related energy use 
impacts (e.g., carbon monoxide). 
Impacts in this project also focus on operational energy use (e.g., for heating and 
cooling), not embodied energy consumption (e.g., upstream energy consumption in 
material extraction and transportation of products). One exception may be water 
consumption from hydroelectric generation, which can certainly be considered an 
upstream impact. Upstream impacts were excluded in this analysis in part because of the 
uncertainty and debate about the quantification and contribution of these impacts to total 
impacts. Some suggest that embodied energy impacts constitute a relatively small 
percentage – approximately 5% - 10% – of a building's life cycle energy use (Lazarus 
2003; International Energy Agency 2004). Other research (Deru and Torcellini 2007) and 
databases such as the US National Renewable Energy Laboratory’s (NREL) US Life 
Cycle Inventory indicate that pre-combustion impacts of energy use can account for 27% 
of a building’s total emissions related to energy use on average, with a low of ~4% and a 
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high of ~99% depending on the impact (e.g., carbon dioxide emissions from coal use or 
sulfur dioxide emissions from natural gas, respectively) (Deru 2008). Furthermore, these 
data on pre-combustion have only been reported at the national and NERC 
interconnection level; as described later, an estimation of LEED building impacts on a 
smaller geographic level than this is desired.  
 
Simulating impacts from LEED buildings. To understand whether the suggested 
alterations to LEED reduce the variation and magnitude of the energy-related 
environmental impacts from LEED buildings that were found in Phase I, it would have 
been best to take actual measurements from many LEED buildings in many regions of the 
country – in theory, from those that used the current LEED framework and from those 
that used the revised LEED program as proposed later in this research. However, 
obtaining such data from actual buildings was not feasible for the current study given that 
(1) no buildings are, of course, certified under the altered LEED scenario suggested in 
this research and (2) obtaining data on a large sample of impacts to create statistically 
significant results requires significant resources and time. Instead, the authors created 
unique probabilistic models which were used to perform Monte Carlo analyses and 
simulate 1,000s of LEED buildings and corresponding impacts for each model type (e.g., 
solid waste generation per square foot per year from LEED Silver office building).  
For this research, it is assumed that a building’s modeled energy use equals its 
actual energy use, though this is not always the case. Phase I illustrates the additional 
variation in impacts caused when this is not considered as the default assumption 
(Wedding and Crawford-Brown 2007). A study of 21 first-generation LEED buildings 
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showed that the ratio of actual energy use divided by modeled energy use varied from 
0.18 to 2.25, even though the mean was 0.99 (Diamond 2006). The much more 
comprehensive NBI/USGBC study of completed LEED buildings showed that, on 
average, actual energy use intensity (EUI) was approximately equal to designed EUI. 
However, this ratio was 0.93, 0.83 and 1.12 for LEED Certified, Silver and 
Gold/Platinum buildings, respectively, and the correlation between the two (R2) was only 
0.33. In fact, 30% of buildings performed significantly better than expected while 25% 
used more energy than modeled (Frankel et al. 2007). 
Each probabilistic model consists of algorithms that convert building data and 
features to estimates of environmental impact on a “per square foot per year” basis. 
Models were based on empirical data, such as the USGBC LEED point tally, and data 
from trusted sources, such as US Energy Information Administration (EIA) Commercial 
Building Energy Consumption Survey (CBECS) database (2003a), the US Life Cycle 
Inventory (LCI), the US Department of Energy’s (DOE) Office of Nuclear Energy and 
NREL. LEED v2.0 and v2.1 projects from the USGBC point tally were used for this 
research because (1) over 95% of the ~750 completed LEED projects as of December 
2007 were from these versions and (2) Phase I, which serves as the baseline for 
measuring reductions in variation and magnitude for impacts from building using the 
altered LEED scheme, also used these versions. While LEED v2.2 is now in use, the 
relationships between impacts presented here likely holds true for these projects, too, 
though impacts could tend to be lower from LEED v2.2 projects.  
The models incorporate 14 of the total 64 categorical total LEED points or 
approximately 22% of all credits, including EA credit 1 “Optimize Energy Performance” 
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worth 10 points, EA credit 2 “Renewable Energy” worth 3 points and EA credit 6 “Green 
Power” worth 1 point. Model results were verified by ensuring that the mean, minimum 
and maximum EUI for the simulated LEED and base case, non-LEED buildings were 
comparable to those based on CBECS data, the NBI/USGBC study and a limited number 
of actual LEED buildings from the USGBC website. Simulated impacts from these 
models then served as the basis for comparing the variability in and magnitude of Phase I 
LEED building impacts versus Phase II LEED building impacts. Tests also confirmed the 
repeatability of model results; successive simulation results typically only deviated by 
less than 3% for parameters used in this research, such as the coefficient of variability, 
median and standard deviation. For more details on these probabilistic models and other 
methods from Phase I, see Wedding and Crawford-Brown (2007). 
 
Creating an altered LEED rating system. Table 3.2 below highlights the results of the 
sensitivity analyses from Phase I and indicates the parameters which caused the most 
variation in LEED building impacts. A value of “78% under “No. 3” for “LEED EA 
credits 1 and 2” indicates that for 78% of the nine simulated impact categories such as 
sulfur dioxide emissions (i.e., 7 of the 9 categories), this parameter was among the top 
three sources of variation in the model. Because #1 caused such a high degree of 
variation, other parameters such as EA credit 6, green energy purchases, do not show up 
in this table. 
 However, with #1 brought under control, EA credit 6 plays a larger role in LEED 
buildings’ impacts. In addition to insights from this table, additional sources of 
information for amendments to LEED’s EA category draw from (1) other green building 
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programs, such as Earthcraft House, (2) analyses of model simulations in Phase I, which 
highlighted the consistently broad range of impacts regardless of LEED certification level 
and (3) close scrutiny of the USGBC LEED point tally, which illustrated similarly wide 
variations in Energy & Atmosphere point totals for LEED certified projects with little 
regard for varying certification level.  
 
Table 3.2. Sensitivity analysis showing the four most important parameters in creating 
variation in the nine energy-related environmental impacts of LEED buildings  
 
Overall 
Rank Parameter
No.1 Top 3 No.1 Top 3 No.1 Top 3 No.1 Top 3
1 Air emission, waste generation, 
and water consumption factors 78% 78% 78% 78% 78% 78% 78% 78%
2 LEED EA credits 1 and 2 0% 56% 0% 100% 0% 78% 0% 78%
3 % electricity versus natural gas/fuel oil 0% 56% 0% 44% 0% 56% 0% 56%
4 Variation in building energy use 0% 56% 0% 22% 0% 44% 0% 67%
Ranking as the Most Signifcant Sources of Variation 
All 
Buildings
Educational 
Buildings
Office 
Buildings
Residential 
Buildings
 
 
The resulting suggested changes to LEED’s EA category are highlighted in Table 3.3. 
The focus is on a tiered approach, where requirements for performance increase as 
projects move up towards the LEED Platinum certification level. While this does limit 
flexibility, the authors argue that there are three reasons which merit this trade-off: (1) the 
importance of the predictability of a LEED building’s environmental impacts, (2) the 
significance of absolute instead of marginal sustainability in buildings (e.g., movement 
towards the 60% - 80% carbon reduction by 2050 rather than some more nominal 
measure of performance compared to existing buildings) and (3) the rising expertise in 
designing and building high performance buildings. On this last point, consider that in the 
latest set of certified buildings, more projects are earning the higher certification levels 
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than in the past (RREFF 2007). In addition, note that the costs to meet these tiers for 
items #2 and #3 are, on average, quite minimal. 
 
Table 3.3. Suggested improvements to LEED’s Energy & Atmosphere category 
Additional Details 
1 EA credit 1: **Energy Optimization
Require:
  - 2 points for Certified
  - 4 points for Silver
  - 6 points for Gold
  - 8 points for Platinum
• Of all completed LEED projects:
    - 64% of Certified earn ≥ 2 points
    - 61% of Silver earn ≥ 4 points
    - 55% of Gold earn ≥ 6 points
    - 87% of Platinum earn ≥ 8 points
• Stresses the importance of direct reductions 
  of building environmental impacts instead of 
  offsetting impacts in other areas
2 EA credit 6:Green Power
Require:
  - 20% for Certified
  - 30% for Silver
  - 40% for Gold
  - 50% for Platinum
•  Implies average of 2% increase in electricity
   costs, varies widely
•  Allows for equalization and comparability of 
   LEED buildings across regions 
•  Helps catalyze US renewable energy 
   development
•  Should be harmonized with carbon credit below
    to avoid awarding too many points to offsets
•  Raises concerns of legitimacy, additionality, 
   quality, etc.
3 Proposed credit:Carbon Offsets
Require:
  - 14% for Certified
  - 22% for Silver
  - 29% for Gold
  - 36% for Platinum
•  Implies average 2% increase measured 
   versus electricity costs, varies widely
•  Allows for equalization and comparability of 
   LEED buildings across regions 
•  Helps catalyze US low-carbon technologies
•  Should be harmonized with EA credit 6
    to avoid awarding too many points to offsets 
•  Raises concerns of legitimacy, additionality, 
   quality, etc.
4
•  Score buildings based on a percentage 
    reduction in impacts compared to
    a baselines
•  Use EPA's eGRID, NREL and DOE
    data to create such regional baselines  
5
•  Score buildings based on normalized 
    environmental and health impacts, 
    e.g., emissions per employee per year
•  Use "employee per sq. ft." averages from 
    LEED-Core and Shell v2.0 to create baselines
** The calculation of points for this credit also includes contributions from EA credit 2: On-site Renewable Energy .
* Another alteration is considered in Table 7, i.e., scoring and certifying LEED buildings within different building categories, 
  e.g., LEED for offices, LEED for schools, etc. This change is not shown here because this is already occurring with LEED 
  and the USGBC's development of programs for a wider variety of building types.
Award LEED certification levels based on a building's 
environmental and health impacts compared to 
regionally relevant baselines
Award LEED certification levels based on normalized 
environmental and health impacts
Alteration to LEED *
Current or Proposed EA Credits
New Ways of Awarding Certification Levels
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 For item #1 in Table 3.3, consider that, as of December 2007, 16% of completed 
LEED buildings were no more efficient than the relevant ASHRAE 90.1 baseline, i.e., 
the projects earned no points for EA credit 1. As evident by the percentages in this table, 
minimum thresholds here would tend to only affect a minority of projects at each 
certification level. As a point of reference, consider that the USGBC’s own policy move 
in 2007 to mandate 2 points for EA credit 1 meant that only 64% of completed Certified 
projects historically met that minimum level (USGBC 2007c). For model simulations, it 
was assumed that these minimum cut-offs for reductions in grid-supplied energy (i.e., via 
energy efficiency and renewable energy) did not affect the mean value for EA credit 1 as 
reflected in the USGBC point tally and as used in the model simulations.  
 For item #2, note that 60% of completed LEED projects purchased no renewable 
energy credits at all (USGBC 2007c). Even assuming that green energy purchases do 
confer actual emissions reductions, the quantification of this reduction is not always 
straightforward. If the source for green energy is located in the same US EPA eGRID 
sub-region (Figure 3.1) as the LEED building, it is essentially a 1:1 offset, assuming no 
time-of-day differences in energy use and production (which is untrue, but data on these 
differences is lacking). Note that the offset, even in this scenario, is not always 1:1 
because not all renewable energy is without environmental impacts (Power Scorecard 
2006; Wedding and Crawford-Brown 2007). If the green energy purchased is located in a 
different eGRID sub-region than the LEED building, then the air emission, waste 
generation and water consumption factors from that sub-region should be used (i.e., 
where the offset in conventional energy is supposed to occur), rather than the factors 
corresponding to the eGRID sub-region where the LEED building is located.  
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 As for scoring, one point could be awarded for meeting the required green energy 
purchase at each certification level in Table 3.3, and an additional point could be 
available from the Innovation & Design category for purchasing more than double the 
required percentage – a reasoning which is common in current LEED programs. Table 
3.4 illustrates the assumptions for calculating cost premiums for green energy purchases 
and carbon offsets; probabilistic modeling was also used for this assessment to generate 
the cost premiums shown in Table 3.3. Appendix 5 highlights the variation in offset price 
according to the source of reduction. 
 
Figure 3.1. The 26 US EPA eGRID sub-regions used in the current study (US 
Environmental Protection Agency 2007d) 
 
 
 For item #3, no ancillary benefits from carbon offsets – such as sulfur dioxide and 
nitrogen oxide emission reductions through the support of renewable energy projects – 
were assumed in this analysis, because there are no data to support such calculations, 
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though these co-benefits can be significant (Burtraw and Toman 1997). Tiers for carbon 
offsets were set in order to be equivalent to the carbon reductions created (potentially) by 
green energy purchases. Accordingly, percentages for green energy purchases 
requirements were multiplied by 72%, which is the average fraction of total office 
building energy coming from electricity (Jurovics 2007), to arrive at the tiers for this 
proposed credit.  
 
Table 3.4. Assumptions used to estimate cost premiums for green energy purchases and 
carbon offsets 
 
Parameter Mean Minimum Maximum Units Source
Electricity costs 10 5 21 ¢/kWh US EIA (2003b)
Electricity use 12 9 16 kWh/sf/year 2003 US EIA CBECS
Electricity - emission factor 1.4 0.5 2 lbs/kWh 2006 US EPA eGRID
Other energy use (e.g., natural gas) 16 11 21 kBTU/sf/year 2003 US EIA CBECS
Other energy - emission factor 1.4E-04 1.2E-04 1.7E-04 lbs/BTU 2006 US EPA eGRID
Green energy premiums 1 -0.7 2 ¢/kWh US EPA (2008)
Carbon offset cost 10 4 16 $/ton Trexler (2006)
LEED certification level Silver
Energy reduction vs. CBECS 25%
Square footage 46,000
 
 
 The total contributions of emissions reductions from green energy purchases and 
carbon offsets should be capped so that projects are forced to prioritize direct (building 
design and operation) versus indirect (off-site energy production and offsets) reductions. 
For justification of the appropriate level for this cap, it is helpful to consider such limits 
which are already in place for carbon markets, legislation and other initiatives. The 
Northeast’s RGGI program allows up to 50% of carbon reduction goals to be met with 
offsets while the European Trading Scheme, via the Marrakesh Accord to the Kyoto 
Protocol in 2001, permits unlimited use of offsets, such as those available through the 
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Clean Development Mechanisms. Canada's Regulatory Framework for Air Emissions 
also allows unlimited use of offsets.  
 On the other hand, the Architecture 2030 Challenge suggests a cap of 20% on the 
use of green energy purchases or carbon credits to meet reduction goals for new  
buildings, and the current version of the Lieberman-Warner’s proposed Climate Security 
Act proposes a limit of 15%. Recognizing that the current cost efficiency to reduce 
carbon emissions varies greatly by region, product type and technology, the authors 
propose an initial cap of 50%, which should be considered a temporary allowance or 
bridge until renewable energy technologies and the expertise of the design and 
construction community reach a point where buildings are able to more cost effectively 
reach significant carbon reduction goals. Until then, note the relatively small cost burden 
for carbon offsets in Table 3.3. 
For item #4, air emission, waste generation and water consumption factors were 
calculated and used to simulate impacts based on differences in fuel mix in the 26 US 
EPA eGRID sub-regions.  See Table 3.5 for details. While emissions factors for carbon 
dioxide, sulfur dioxide, nitrogen oxide and mercury were drawn directly from the eGRID 
data, this is the first time that the other five impacts have been reported at this geographic 
level. Nuclear waste generation factors were created by multiplying average national 
“nuclear waste generation per MWh” data from the US DOE Office of Nuclear Energy 
by the percentage of nuclear energy in each eGRID fuel mix.  
Values for water consumed in the generation of electricity were based on 
estimates derived from NREL research (Torcellini et al. 2003), though the water 
consumption factors used in this current research have been reduced compared to those 
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from the NREL study. The NREL values assume that water lost through evaporation 
from reservoirs is due entirely to the need for electricity generation, and is, therefore, 
caused by hydroelectricity generation. However, our models assume that this water loss 
is also attributable to at least three other uses of dams, which may include recreation, 
flood control, irrigation or municipal water supply. As such, we use estimates of water 
consumption per kWh of hydroelectricity equal to one-third of the NREL estimates. 
These “gallons/kWh” data from NREL for thermoelectric and hydropower generation 
were then multiplied by the percentage of thermoelectric and hydropower generation in 
each eGRID sub-region (Torcellini et al. 2003). To assure that this two-thirds reduction 
of gallons consumed via hydroelectric energy use did not affect the conclusions drawn 
from this analysis, models were re-run with values for “gallons per kWh of 
hydroelectricity used” reduced by one-fourth, one-half and three-fourths as a form of 
sensitivity analysis to this assumption. These alterations produced values for variability 
in water-related impacts which only deviated from the base case (i.e., using the two-
thirds reduction) by less than 4%. 
Factors for particulate matter emissions and solid waste generation were obtained 
by multiplying the relevant emission or generation factors for each fuel type (from the 
US LCI database) – e.g., pounds of nitrogen oxides emitted per ton of coal – by the 
percentage of each fuel type on every eGRID sub-region. 
 These eGRID sub-region boundaries were used because the degree of electricity 
import-export between regions is small enough to create sufficient confidence in the 
values of these factors. At the same time, it allows greater granularity in estimating 
impacts versus regionally relevant baselines as compared to using national averages. 
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Using analogous national values as a baseline for scoring a LEED building emissions 
reductions would address the importance of meeting absolute global reduction goals, but 
it would be unfair to projects in high-carbon sub-regions and too kind to those in low-
carbon sub-regions. Baseload emissions estimates were used where available because of 
a lack of clarity on whether a given building contributes to baseload or non-baseload grid 
energy use. As Table 3.6 indicates, this is a conservative approach to impact estimation 
as non-baseload emissions factors for certain impacts tend to be higher (US 
Environmental Protection Agency 2007d). 
 
Table 3.5. Emission, consumption and waste generation factors for building energy use 
by US EPA eGRID sub-region (eGRID sub-region locations can be seen in Figure 3.1) 
 
EPA eGRID 
Sub-region
Acronym Carbon Dioxide *
High Level 
Nuclear 
Waste
Low Level 
Nuclear 
Waste
Mercury * Nitrogen Oxides *
Particulate 
Matter
Solid 
Waste
Sulfur 
Dioxide * Water
lbs/MWh lbs/MWh cf/MWh lbs/MWh lbs/MWh lbs/MWh lbs/MWh lbs/MWh gallons/MWh
AKGD 1,257 0.0E+00 0.0E+00 1.7E-06 3.0 8.2E-02 3.1 1.3 1,156
AKMS 480 0.0E+00 0.0E+00 2.7E-05 6.5 1.1E-01 0.4 0.7 4,170
AZNM 1,254 1.3E-03 6.6E-04 2.5E-05 2.1 8.9E-02 32.3 1.4 608
CAMX 879 8.7E-04 4.4E-04 2.3E-06 0.8 8.1E-02 5.6 0.6 1,206
ERCT 1,421 8.1E-04 4.1E-04 2.9E-05 1.0 1.2E-01 38.4 3.2 420
FRCC 1,328 9.5E-04 4.9E-04 9.1E-06 2.3 9.3E-02 12.3 3.6 384
HIMIS 1,456 0.0E+00 0.0E+00 2.7E-05 7.0 1.1E-01 1.2 6.0 602
HIOA 1,728 0.0E+00 0.0E+00 1.6E-05 2.6 1.2E-01 6.1 3.5 470
MROE 1,859 8.1E-04 4.1E-04 3.1E-05 3.3 9.9E-02 82.4 7.5 623
MROW 1,814 9.8E-04 5.0E-04 4.3E-05 3.8 9.9E-02 91.5 5.9 648
NEWE 909 1.7E-03 8.6E-04 8.5E-06 1.0 8.9E-02 7.3 2.4 622
NWPP 921 2.2E-04 1.1E-04 9.7E-06 1.6 9.4E-02 57.3 1.3 3,159
NYCW 922 3.0E-03 1.5E-03 6.5E-06 0.9 9.2E-02 0.2 0.7 241
NYLI 1,412 0.0E+00 0.0E+00 5.7E-06 1.8 1.0E-01 0.3 5.4 470
NYUP 820 1.7E-03 8.5E-04 1.4E-05 1.0 9.6E-02 32.8 4.2 1,780
RFCE 1,096 2.3E-03 1.2E-03 4.1E-05 1.7 9.8E-02 57.3 8.0 378
RFCM 1,641 8.7E-04 4.5E-04 3.3E-05 2.5 9.5E-02 64.0 6.8 403
RFCW 1,556 1.4E-03 7.3E-04 4.4E-05 2.8 9.9E-02 91.3 10.2 398
RMPA 2,036 0.0E+00 0.0E+00 1.6E-05 3.1 9.7E-02 72.2 2.0 760
SPNO 1,971 9.3E-04 4.8E-04 2.7E-05 4.0 9.9E-02 85.6 6.1 401
SPSO 1,761 0.0E+00 0.0E+00 3.9E-05 2.6 9.0E-02 41.5 3.9 699
SRMV 1,135 1.6E-03 8.3E-04 1.1E-05 1.5 8.7E-02 13.2 2.3 431
SRMW 1,844 7.1E-04 3.7E-04 4.1E-05 2.5 9.9E-02 94.3 7.0 482
SRSO 1,490 1.1E-03 5.8E-04 3.5E-05 2.2 9.7E-02 72.8 8.5 554
SRTV 1,495 1.2E-03 6.4E-04 2.5E-05 2.6 1.0E-01 88.2 7.2 861
SRVC 1,146 2.4E-03 1.2E-03 2.2E-05 1.9 1.0E-01 85.6 5.9 378
US 1,363 1.2E-03 6.3E-04 2.7E-05 2.1 9.7E-02 58.5 5.4 737
* Emissions factors for these pollutant were taken directly from the US EPA's eGRID database, while the others were calculated based on data from NREL, the US Life-
Cycle Inventory (LCI) Database, and the US DOE's Office of Nuclear Energy.
Impact
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 For item #5, the importance of normalizing LEED building environmental 
impacts per employee or other user becomes apparent when considering examples such 
as the Indian billionaire aiming for LEED certification for his 24-story family home with 
a 168-car garage (Brook 2007) ; the per capita environmental impacts of such a project 
remain large despite the attainment of LEED certification. In addition, normalization 
adds an element of broader economic consideration to LEED, where job creation  
 
Table 3.6. Comparing non-baseload vs. baseload emissions factors by EPA eGRID sub-
region * 
 
Impact % of Sub-regions with Lower Non-baseload Emissions Factors **
Average % Increase in Non-
baseload Emission Factors ***
Carbon dioxide 12% 25%
Mercury 50% -3%
Nitrogen oxides 27% 47%
Sulfur dioxide 23% 28%
* Non-baseload data is only availablevia the EPA eGRID database for these four impacts, rather than for all nine impacts.
** There are 26 EPA eGRID subregions in total.
*** This average is not weighted by the magnitude of energy generation in each subregion.
 
 
(i.e., number of employees) is a positive feature of a project and air pollution, for 
example, is a negative feature. A higher ratio of the former over the latter would then 
suggest a better building, especially on the scale of city, state or nation as related to 
policy matters. To the influence of normalizing environmental impacts in this manner, 
average “employee per square foot” values were obtained from the LEED-Core and Shell 
Reference Guide (USGBC 2006); for office buildings, this value is 250 square feet per 
employee. As an illustration, variations in sulfur dioxide emissions reductions, with and 
without normalization, are shown in Table 3.10. 
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Assessment of simulation results. Two types of variation in impacts were analyzed: (1) 
“between-group” variability (e.g., discrete means for the impact distributions from 
buildings with different LEED certification levels would be ideal) and (2) “within group” 
variability (e.g., smaller standard deviations within the impact distributions from 
buildings at each LEED certification level would indicate a well-designed rating system). 
Within-group variability was measured with two statistics: (1) standard deviation and (2) 
coefficient of variability, or the standard deviation divided by the mean. Between-group 
variability was also measured with two types of impact ratios: (1) “rank order phase 
shift” and (2) “percent distribution overlap,” both of which will now be described.  
 The first impact ratio used to measure between-group variability, referred to as 
“rank order phase shift,” was calculated by first rank ordering the results of the 1,000 
calculated impacts from a simulated LEED building’s energy use from lowest to highest  
(one set of 1000 for each specific category of environmental impact). Then a set of 
impacts from a building with a given LEED certification level was divided by another set 
of impacts from a building with a higher LEED certification level (e.g., Silver divided by 
Gold). These ratios for sets of 1,000 simulated building impacts were then averaged and 
converted into a percentage. The resulting number is an expression of the difference in 
impacts which occurs as different categories of LEED building certification are 
considered, from base case, non-LEED buildings through LEED Platinum buildings. A 
rank order phase shift of 15% when comparing LEED Certified to Silver building impacts 
suggests that the impacts of the former are on average 15% greater than those of the 
latter. An example calculation is shown below for one set of particulate matter emissions: 
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shift phaseorder Rank   100 x 1 - 
 Emissions PM
 Emissions PM
Silver LEED
Certified LEED
=







 
 
 The second impact ratio used to measure between-group variability, referred to as 
“percent distribution overlap,” quantifies the degree of overlap in comparisons of 
probability distribution functions of these sets of 1,000 simulated buildings and their 
impacts. This ratio ignores the issue of the frequency of simulated impacts and represents 
the possibility that individual buildings certified at different levels of LEED could have 
the same level of environmental impact. Figure 3.2 depicts how this measure of variation 
is calculated using simplified probability distribution functions for the simulated mercury 
(Hg) emissions for 1,000 LEED Silver buildings and 1,000 LEED Certified buildings as 
an example. The range represented by the upper, shorter line was divided by the range 
represented by the lower, longer line to arrive at the percent distribution overlap. Note 
that the red area is the overlap of buildings in the two LEED categories considered. The 
relative level of kurtosis and degree of separation among each distribution can be seen in 
these graphs. Because the derivation of base case, non-LEED building energy use in these 
models was not derived from actual or modeled energy use and is, therefore, less than 
perfect, it is worth stressing that actual energy use and impact predictions in this research 
are less important than the degree of variation in said impacts between buildings. 
Consider the formula below for an example calculation of this overlap for carbon dioxide 
emissions: 
 
Overlapon DistributiPercent 
 Emissions Hg Minimum -  Emissions Hg Maximum
  Emissions Hg Minimum - Emissions Hg Maximum
Silver LEEDCertified LEED
Certified LEEDSilver LEED =  
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Figure 3.2. Visual representation of the calculation of the “percent distribution overlap” 
using two probability distribution functions for hypothetical mercury emissions resulting 
from building energy use  
 
 
RESULTS 
In Table 3.7, the contributions to overall reduction of within-group impact variability and 
magnitude from each of the suggested alterations to LEED can be observed. Note that a 
building scored with all these changes showed an average of 62% reduction in variability 
and a 30% reduction in magnitude across all nine impacts (i.e., the variability in impacts 
for a given LEED category go down, and the entire distribution shifts to lower impacts).  
The following changes, in order of decreasing priority, contributed to this 
reduction in variation: (1) using regionally relevant environmental impact benchmarks 
(based on eGRID sub-regions), (2) scoring LEED buildings by building type rather than 
scoring all with the same LEED program, (3) the degree of building energy efficiency 
and on-site renewable energy and (4) the amount of off-site green energy purchases. 
These latter two changes, #3 and #4, also produced reductions in impact magnitude 
which were of a smaller degree than expected. For #3, this was likely due to the influence 
of more dominant sources of variability in the models. For #4, this probably occurred 
because green energy purchases only offset electricity use (i.e., not natural gas use on 
Mercury Emissions (lbs/square foot/year) 
 
 
LEED 
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LEED 
Silver 
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site) and corresponding impacts, and because not all renewable energy is without impacts 
(e.g., biomass versus solar). 
Table 3.8 highlights the changes in the between-group variability of these impacts 
in the new LEED scheme compared to the existing LEED rating system. These results 
indicate less overlap in impacts and a greater distinction between impacts of buildings at 
different certification levels. Differentiation between non-LEED and Certified buildings 
is much more significant using the new LEED program – that is, an overlap of simulated 
impacts between the two of 91% before alterations to LEED becomes only 29% after 
with the alterations to LEED.  
 
Table 3.7. Changes in variability and median impact values across all nine impacts for 
LEED Silver Buildings – after versus before the suggested alterations to LEED 
  
Sugggested Change to LEED Change in Variability *
Change in 
Median
1 Use US EPA eGRID data as benchmarks ** -48% ***
2 4 points required for EA credit 1 ** -28% -16%
3 Score by building type **** -30% -39%
4 RECs required at 30% ** -10% -4%
5 Carbon offsets required at 22% **
6 All changes combined ** -62% -30%
** These are based only on variation in impacts from office buildings.
**** This is based on a comparsion of variation in impacts from only office buildings versus all buidling types.
* "Change in Variability" is measured as an average across all nine environmental impacts of the changes in 
   (1) standard deviation and (2) coefficient of variability, or the standard deviation divided by the mean impact level. 
No percentages are listed for #5 because the co-benefits from carbon reduction strategies are not well documented, which 
prohibits an estimation of the range of variability reduction across all nine impacts. 
See note below.
*** Values are not shown here because impacts, such as sulfur dioxide emissions per kWh, vary by eGRID region 
     and affect changes to impact magnitude in ways that do not reflect additional improvements to LEED.
 
 
Figures 3 and 4 depict these results graphically with the example of carbon 
dioxide emissions for the range of buildings from non-LEED buildings to LEED 
Platinum projects. Figures 5 and 6 illustrate the same patterns for particulate matter 
emissions. Overlays for the other environmental impacts analyzed in this project display 
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similar trends. Notice that the alterations in LEED produce smaller ranges of impacts for 
each certified building level and the increase in separation between the impact 
distributions for each of the four LEED building levels as well as the base case, non-
LEED building impacts. 
 
Table 3.8. Decreases in between-group impact variation for 1,000 simulated LEED 
buildings before and after the suggested changes to the rating program 
 
Impact Ratios LEED: Before LEED: After % Change
Percent distribution overlap impact ratio
     (Negative "% Change" values are desired)
      - Non-LEED vs. Certified buildings 91% 29% -68%
      - Comparing Certified through Platinum buildings 86% 64% -26%
Rank order phase shift impact ratio
     (Positive "% Change" values are desired)
      - Non-LEED vs. Certified buildings 47% 201% 328%
      - Certified vs. Silver buildings * 23% 18% -22%
      - Silver vs. Gold buildings 12% 15% 25%
      - Gold vs. Platainum buildings * 30% 27% -10%
* Despite the negative "% Change" values here, graphical overlays showing probability distributions of impacts as in 
  Figures 3 - 7 do show a greater degree of separation between these paired impact comparisons at different 
  LEED certification levels.
 
 
While the improvements in the overlap of distributions noted above are not 
insignificant in and of themselves, setting targets at levels which are cognizant of the 
larger global problems is critical. As such, Table 3.9 shows how the simulated carbon 
dioxide emissions of versions of LEED buildings before and after the suggested changes 
compare with the 50% carbon reduction goal of the Architecture 2030 Challenge. The 
simulated impacts from the new LEED rating scheme (i.e., “After”) as suggested in this  
research shows that all levels meet this challenge except for the Certified level. “Before” 
and “After” scenarios include contributions from green energy purchases as obtained 
historically in LEED buildings or as shown in Table 3.3, respectively. Some of these are 
higher than the 2030 Challenge’s suggested 20% cap on these purchases; however, for 
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reasons described previously, the use of 50% caps for the “After” scenario” seems to be a 
reasonable bridge for the time being. 
 
Figure 3.3. Overlay of probability distributions for carbon dioxide impacts before 
changes were made to LEED 
 
 
 
Figure 3.4. Overlay of probability distributions for carbon dioxide impacts after changes 
were made to LEED 
 
 
 
As for normalization, currently LEED for Homes is the only LEED rating 
program that addresses the issue of size versus the function of a building, i.e., the 
resource use or impact level per building user or use. In that program, as the home size 
increases, even while accounting for number of rooms, the points required to earn each 
certification level also increases. In the commercial arena, it seems appropriate to 
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normalize impacts or benefits on a “per employee” basis; this is, in part, a recognition of 
the three goals of the “triple bottom line” of sustainability in the business sector 
(environmental quality, social equity and economic vitality). 
 
Figure 3.5. Overlay of probability distributions for particulate matter emissions before 
changes were made to LEED 
 
 
Figure 3.6. Overlay of probability distributions for particulate matter emissions after 
changes were made to LEED 
 
 
 
The downside to using this form of scoring has to do with (1) the frequency with 
which the number of employees may change and (2) the variation in office programmatic 
needs which affect employee density. For item #1, consider that as businesses grow and 
shrink, which sometimes happens within short periods of time, the effective score of a 
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LEED building would change. For item #2, offices which tend to have more large 
meetings or which have data processing centers (perhaps even for other offices’ data) 
would tend to be at a disadvantage in this scoring scheme, unless rules were creating by 
first normalizing square foot values to account for this variation. 
 
Table 3.9. The effect of different LEED schemes on whether a LEED building’s carbon 
dioxide emissions meet or exceed Architecture 2030 Challenge goals * 
 
LEED 
Certification Level
LEED: 
Before
LEED: 
After
Certified -31% -46%
Silver -46% -58%
Gold -54% -64%
Platinum -64% -70%
* The 2030 Challenge urges the design community to design buildings 
   today with a 50% smaller carbon footprints compared to the existing 
   building stock, with incremental moves towards zero carbon new 
   buildings by 2030. 
 
 
Table 3.10 shows the substantially different measures of reductions in emissions 
in the standard versus normalized measures of performance. Note that regardless of 
building square footage and impact, this analysis indicates that, based on a very high 
performing LEED Silver building, for every 1% deviation from the average number of 
employees per square foot, the difference between normalized and non-normalized (as is 
currently measured) impact reduction for a LEED building changes by approximately 
0.6% - 0.8%. For example, if a building has 10% fewer employees than average and 
shows a non-normalized 35% reduction in carbon dioxide emissions compared to a non-
LEED building, the normalized emission reduction may only be 28%. If the USGBC 
chose to score buildings in this way, it would be relatively easy to convert the air 
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emission, waste generation and water consumption factors from Table 3.5 into factors 
normalized per employee per eGRID sub-region. 
 
Table 3.10. Variation in sulfur dioxide impacts when normalized by number of office 
employees 
 
Normalized per employee?
No Yes
# of 
employees *
lbs of SOx/year/
employee
Change in % 
emissions 
reduction
25% fewer employees 138 25 -30% -7% -23%
10% fewer employees 166 21 -30% -22% -8%
Average # of employees *** 184 19 -30% -
10% more employees 202 17 -30% -36% 6%
25% more employees 230 15 -30% -44% 14%
* Based on a 46,000-square foot, LEED Silver building -- the median size of a certified LEED building as of 12/2007
** Compared to an ASHRAE 90.1-compliant, non-LEED building
*** Assumes 250 square feet per employee as the average used in the LEED for Core and Shell Reference Guide
% emissions reduction **
 
 
Operationalizing these suggested changes to LEED is logical next step. The 
authors propose that the changes to LEED suggested here could be made quite user 
friendly even while improving the environmental footprinting capacity of LEED. For 
example, by providing kWh and kBTU usage information along with a project zip code, 
minimal effort would be required to allow outputs to be fed into a nutrition label program 
for LEED buildings, which is also currently being created by the authors. Appendices 6, 
7 and 8 illustrate initial concepts for these labels, and Appendix 9 shows similar other 
eco-labels.) Note that a comprehensive, quantitative, scientific nutrition label for 
buildings, versus products, is currently non-existent in the US green building market. 
This would allow for greater transparency regarding the various types of benefits and 
impacts that investors, tenants, owners, customers and brokers could use in making 
building, leasing and purchasing decisions. For example, data used by EPA’s 
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PowerProfiler and made publicly available by OpenEco – a free on-line resource 
providing tools to aid in greenhouse gas tracking and reduction – links all US zip codes to 
an EPA eGRID sub-region, which would then facilitate impact estimation using the 
factors generated in this research by eGRID sub-region (Table 3.5). 
 
DISCUSSION 
Fixing LEED – ensuring that we get what we think we’re getting. The “perfect” 
should not interfere with the progress facilitated by the “good.” As such, while this 
research suggests needed changes to improve LEED, certifications and labels like LEED 
serve much of their purpose and address a great deal of opportunities for reducing 
negative impacts and increasing positive impacts from buildings by simply raising the 
level of awareness around these issues and suggesting areas for improvement. Clearly, 
LEED has stimulated a growing movement in green building, but the use of LEED as a 
policy and environmental management tool warrants closer scrutiny. As an illustration, 
consider that of ~94 cities and towns that have policies to encourage or mandate the use 
of LEED for public and/or private projects in their jurisdiction, 71% of these 
municipalities have also signed the US Mayors Climate Protection Agreement. It is likely 
that the mayors and council members in these cities see a direct correlation between the 
two initiatives, and while they are related, the implications of one on the other are 
unclear, as highlighted in the results of Phase I. 
Accordingly, while the focus of the analyses and suggestions in this paper appear 
to emphasize the need for a scientific, quantitative basis for LEED – which is true – an 
equally important additional goal focuses on improving policy effectiveness, 
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transparency and accurate communication to a broader group of interested parties – such 
as neighbors, environmental non-profits, city council members, owners, developers, real 
estate agents, banks, designers, customers, investors and concerned voters – who can help 
drive greater market share for green buildings. However, the adoption of changes like 
these and the effective acceptance, understanding and use of an enhanced LEED rating 
program depends on the successful completion of a number of important steps, which are 
described below.  
 
Future work. Next steps for implementing these changes include a number of 
considerations. One set of tasks would likely occur specifically within the USGBC and its 
community of direct stakeholders, such as (1) a consensus-based decision making process 
to assess which portions of this research as well as ideas from related investigations and 
efforts should be included in the next iteration of LEED, (2) comparable assessments 
using similar methodologies – such as probabilistic modeling based on empirical data – 
of the other sections of LEED (e.g., Water Efficiency) to understand ways to limit the 
variation in other environmental or health impacts from LEED projects, (3) a strategic 
analysis of whether LEED should remain a “green” building program versus a 
“sustainable” building program, as described earlier, and if the latter, how more 
economic and social issues can be better included, (4) an analysis of the proper weighting 
of impacts in each LEED category (e.g., Sustainable Sites) and across categories, which 
will differ depending on the pool of stakeholders being surveyed, (5) the act of 
transforming the models and data analysis in this research and related projects into a user-
friendly tool that allows LEED users to enter basis data, such as zip code, and create 
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nutrition labels such as those proposed here and (6) training on the use of and reasons to 
use a revised LEED program, such as that proposed here. 
The other set of additional research required would likely be covered by the wider 
scientific, energy and sustainability community. These might include the (1) the 
resolution of the legitimacy of the use of carbon credits and green energy purchases in 
accounting for a building’s environmental impacts, (2) attempts to better quantify the co-
benefits of carbon reduction strategies and their impacts on the accounting for other 
pollutants and (3) the creation of a wide-ranging and quantitative nutrition label program 
for LEED buildings. The authors have already begun work on such a nutrition label, 
which lays out a comprehensive framework for the display of impacts in great detail and 
states said impacts in terms that more stakeholders can identify with (e.g., equivalent 
truckloads of nuclear waste avoided, equivalent bus miles not driven because of 
particulate matter reductions). This research will be part of a future paper. 
 
Conclusions. By making the suggested changes to LEED, this research has shown that 
variability in impacts from LEED buildings could be reduced by 62% and the median 
magnitude could be reduced by 30%. Moreover, air emission, waste generation and water 
consumption factors have been created or compiled for nine environmental impacts for 
each of the 26 US EPA eGRID sub-regions, which allows for benchmarking and scoring 
LEED buildings according to regionally relevant baselines. In addition, impacts from 
LEED buildings under the proposed scheme show a 26% reduction in overlap between 
different LEED certification levels and a 68% reduction in impact overlap between non-
LEED and LEED Certified buildings. Moreover, methods and motivation have been 
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demonstrated for assessing the variability of impacts from other LEED categories, other 
green building programs and other eco-labels as well. The opportunities for evaluation 
abound – ecolabelling.org counts over 300 eco-labels worldwide (Ecolabelling.org 2008). 
The importance of normalizing impacts for commercial LEED buildings per employee or 
other user has also been demonstrated quantitatively. Essentially for every 1% change 
from the average “employee per square foot” values for a mid-level LEED-certified 
space, the percentage impact reduction changes by 0.6% - 0.8%. 
Finally, just as the bar for environmental performance should and does continue 
to rise for green buildings, so should the methods and tools for scoring, facilitating and 
promoting those buildings, as well their benefits and impacts. With 22,000 in attendance 
in Chicago for the USGBC’s 2007 Greenbuild conference and “green” on the cover of 
every magazine at the grocery store, enthusiasm coupled with a steady but dangerous 
satisfaction with incremental improvement is a risk of which to be wary. Instead, the 
scale and urgency of many global problems – such as the need for 80% reductions in 
carbon dioxide emissions by 2050 or the projection that 36 states will face water 
shortages within five years – demand a re-doubling of efforts to change the way we meet 
our needs with buildings (US General Accounting Office 2003). A few thousand LEED-
certified buildings will be exciting, but with 4.8 million commercial buildings and over 
115 million households in the US, it will take more than this to move the needle in terms 
of US buildings’ impacts and benefits. Perhaps a more robust building rating and 
communication system, such as those proposed in this research, can help with the 
mainstreaming of low-impact, high-performance building. 
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CHAPTER 4. 
 
DISCUSSIONS AND CONCLUSIONS 
 
Strengths of this research. The strengths of this research relate directly to the 
deficiencies it aimed to address, as discussed in Chapter 1. Accordingly, this research met 
a variety of needs previously not addressed sufficiently in the literature or practice. 
Chapter 2 quantified the variation in energy-related environmental impacts from LEED-
certified buildings, which practice and research alluded to, though it had never been 
demonstrated in detail. The results allowed one to assess whether a series of given 
buildings certified at different LEED certification levels translated into a logical series of 
corresponding energy-related environmental impacts. For example, LEED Platinum 
buildings should have nearly always had lower impacts than LEED Gold buildings, 
though this was shown to frequently not be the case.  
The use of Monte Carlo analysis, based on empirical data, to assess impacts from 
the built environment was a unique addition to the literature on building and 
development. The collection and/or calculation of nine energy-related emission, waste 
generation or water consumption factors, rather than simply carbon dioxide emissions as 
has become common, also provided useful information to the industry, as these factors 
could also be used to estimate impacts from other building-related projects. New 
statistical criteria, such as the “rank order phase shift,” and graphical criteria, such as 
overlays of probability distribution functions of impacts from buildings at different 
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certification levels, also provided means by which the precision and accuracy of the 
LEED label and other eco-labels could be measured. Another strength of this research 
was the emphasis on using environmental impacts rather than energy efficiency as the 
basis for scoring a green building. This is essentially an evolution from scoring based on 
the “means” – efficiency – in favor of the “ends” – air emissions, waste generation and 
water consumption. 
Unlike other research and industry articles, rather than simply noting 
imperfections with LEED, Chapter 3 added clear directions for improving LEED, thereby 
providing solutions to the excess variation in impacts found in Chapter 2. Each proposed 
alteration was defended by estimations of cost impacts and percentages of buildings 
likely to be affected based on historical LEED building performance in completed LEED 
projects. The suggested changes to LEED in this research raised the bar slightly for each 
level of certification and led to an average 30% reduction in impact magnitude for Silver 
buildings, for example, which moves LEED in the direction of rewarding more than just 
marginal improvement versus status quo. The fact that building carbon dioxide emissions 
at three of the four certification levels under the altered LEED scheme, compared to just 
two of the four certification levels in the historical LEED program, met the Architecture 
2030 Challenge also supports this assertion. Moreover, variability in impact reduction 
due to the proposed changes to LEED was reduced by 62% in LEED Silver buildings, for 
example, showing an increase in the precision of LEED under this new scheme. 
In addition to quantifying the reductions in impact variation and magnitude 
possible with the suggested changes to LEED, the need for a comprehensive and 
meaningful LEED building nutrition label program was discussed as a necessary means 
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of raising awareness among a broader group of parties and improving the adoption of 
greener building methods. Suggestions were offered on how simple building information, 
such as zip code, could be used to create user-friendly modules which translate LEED 
performance into these nutrition labels. Appendices 6, 7 and 8 show early conceptual 
graphics for such a nutrition label based on this research as well as similar product eco-
labels currently in existence. The criticism of excess resource consumption in certain 
certified green buildings was also addressed by quantifying the changes in scoring which 
would occur by certifying LEED buildings based on environmental impacts normalized 
by employees per square foot.  
Several characteristics of this research are also worth mentioning. First, the 
quality of the research is enhanced through validation methods. A stronger approach to 
validation and verification would have been to compare, for example, actual air emissions 
(e.g., from power plants) due to energy use in completed LEED buildings with the 
calculated emissions in this research, but data on the former are not available on a 
building-by-building basis. As such, the models which were used to simulate 
environmental impacts for LEED buildings in Chapters 2 and 3 were validated by 
ensuring that the minimum, maximum and mean energy use intensity – or EUI – values 
(kBTU/square foot/year) from this current research were comparable to the EUI values of 
actual LEED buildings, as measured by utility bills in the New Building Institute-
USGBC study (Frankel et al. 2007).  
This close agreement is to be expected because the modeling performed for this 
research is not strictly modeling from first principle. It begins, instead, with a summary 
of measurements of energy consumption contained in a national database of existing, 
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non-LEED buildings – the well-vetted and established Commercial Building Energy 
Consumption Survey, organized by the US Energy Information Administration (2003), 
which is based on a sample of nearly 5,000 US buildings. Correction factors were then 
applied to this sample of baseline, or non-LEED, buildings to simulate their energy 
consumption had they obtained specific LEED points related to energy use. Since the 
effects on energy consumption of obtaining specific LEED points are well specified by 
the LEED system, it is therefore expected that the simulation of energy use in LEED 
categories will similarly be reliable. This is confirmed by the close agreement between 
the modeled results from this study and the sample of LEED buildings in which 
measurements have been performed. 
As another validation step, data on energy efficiency, on-site renewable energy 
use and off-site green energy purchases from LEED buildings certified in 2007, and not 
included in either this current research or the NBI-USGBC study (i.e., a separate sample) 
were used as inputs in the probabilistic models from this research, and the simulated EUI 
values were again very similar to EUI values from actual LEED buildings in the NBI-
USGBC study. In addition, while EUI values calculated in this research can be 
considered similar to predicted EUI values produced by energy modeling software, and 
actual energy use can vary considerably from modeled energy use as noted earlier, the 
NBI-USGBC study also demonstrates that on average actual energy use closely 
approximates modeled energy use when one compares mean values across a wide sample 
of buildings. This further confirms the reliability of the EUI values generated in these 
probabilistic models. Finally, the repeatability of simulated model parameters used to 
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answer the questions in Chapters 2 and 3, such as the coefficient of variability, showed 
that values varied by less than 4% among repeated simulation runs.  
Second, the topics analyzed for each investigation were extremely timely, and, as 
such, were able to contribute to broader industry efforts to improve the sustainability of 
real estate. Results from Chapters 2 and 3 have been shared with the USGBC and are 
helping to influence parallel efforts at the national level to revise LEED to better measure 
and score projects according to environmental impacts weighted by relative contribution.  
Finally, these analyses provide strong foundations for broader policy goals – 
current or future. As an illustration, consider the example referenced in Chapter 3. Over 
70% of the cities and towns which mandate or incentivize developers to build LEED 
buildings in their jurisdictions have also signed on to the Mayor’s Climate Protection 
Agreement, which calls for cities to meet or exceed the greenhouse reduction goals for 
the US from the Kyoto Protocol. It is likely that council members and mayors see a 
strong relationship between the two, i.e., LEED buildings are a key strategy for reaching 
municipal carbon reduction goals. In this specific illustration, the results of this research 
suggest that decision makers must be very specific in what kind of LEED building or 
sustainable real estate development they prefer in order to be more certain of the impacts 
of policy and practice. 
 
Limitations of this research. While quantification of success in sustainable real estate, 
in this case for green buildings, is needed, it creates opportunities for errors. One such 
error is the “fallacy of misplaced concreteness,” which urges caution in trusting, for 
example, the simulated impact results from Chapters 2 and 3, which are based on a 
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variety of assumptions and algorithms and open the door for the multiplication of even 
minor errors, despite the trustworthy nature of the data sources and the steps taken to 
validate results with measures from existing buildings.  
Related to this potential flaw is the concern with the complexity or 
comprehensiveness of the tools and methods suggested in this research. Consider the 
suggested use of normalized environmental metrics to score LEED buildings. The 
suggestion in this research is that this enhanced level of detail should lead to a greater 
understanding and truer representation of sustainable real estate and, therefore, greater 
adoption and market penetration of green building. However, it is plausible that the 
increase in detail could be viewed as too burdensome or confusing and, as such, could be 
inversely correlated with actual adoption and use by city governments, developers, 
owners, brokers and other real estate professionals. In contrast, practicing professionals 
might prefer the checklist nature of LEED despite its limitations. 
In addition, the issue of timing complicates the certainty of labels of success 
applied to sustainable real estate projects. In buildings, this can be seen when operational 
energy efficiency does not meet expectations created by programming and modeling 
during the design and construction phase. Despite this complication, most projects 
depend on or aim for these labels of success in order to gain project differentiation in the 
market in the earliest phases of a project. 
Finally, while there is truth in the adage “what we don’t measure, we can’t 
manage,” potentially important criteria can also be ignored if they are (1) intentionally 
left out of a quantitative framework for measuring success (e.g., because of the burden of 
data collection or the difficulty in creating defensible algorithms) or (2) accidentally not 
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included in such a framework (e.g., in professional practice, perhaps because the right 
parties were not at the table). This could apply, for example, to the environmental 
impacts chosen for the analyses in Chapters 2 and 3; it is likely that other impacts merit 
inclusion, too, though at some point the 80/20 rule should take precedent over 
thoroughness. However, the same 80/20 rule could be applied to argue that checklists, 
even those simpler than LEED, more effectively raise awareness and reduce impacts per 
unit of time or money input than the more quantitative, detailed scoring and reporting as 
proposed in this research. 
 
Other drivers of the measurement and communication of green buildings. In 
addition to the role of science and quantitative analysis in documenting and raising 
awareness around shades of green in environmentally responsible development, three 
other key factors are worth mention for the role they play in mainstreaming green 
building and/or pushing for greater metrics: (1) the role of the finance industry, (2) the 
role of unexpected real estate professions and trade associations and (3) the market 
demand for green real estate. 
 Recent years have seen a surge in interest in the nexus between financial 
institutions and the environmental and social impacts of their investments. As an 
illustration, consider Ceres, whose creation was spurred by the Exxon Valdez incident in 
1989. Ceres was formed as a coalition of investors focused on “integrating sustainability 
into capital markets for the health of the planet and its people.” Now, through its Investor 
Network on Climate Risk, Ceres represents investors managing over $4 trillion (Ceres 
2008). In 2003, over 50 such institutions, including Citigroup and Barclays, have signed 
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onto the Equator Principles, a set of environmental and social benchmarks for improving 
the chances that project finance occurs more responsibly (Equator Principles 2008). 
Considering other such initiatives in the last few years such as the government-academic-
investor coalition, the Responsible Property Investment Center; the Carbon Disclosure 
Project, representing investors entrusted with managing over $57 trillion; and large 
commitments by Bank America and Wells Fargo; investor influence is likely to continue 
to drive growth and influence the use of metrics in this industry. 
These institutions are concerned with an increase in opportunities for profitable 
projects, such as positions in carbon markets, as well as the need to reduce riskier 
investments, such as ownership in portfolios of energy- and water-inefficient buildings. 
This trend is and will continue to facilitate more green development, though given the 
quantitative nature of these institutions, accurately estimating and communicating the 
impacts and benefits of such development will be essential. For more extensive 
publications, see the work of Gary Pivo and Paul McNamara via the Property Working 
Group of the United Nations Environment Programme Finance Initiative (United Nations 
2008). 
Other players in the real estate process are playing unexpected but crucially 
important roles in moving this type of development forward. Two examples illustrate this 
point. First, there is the traditionally conservative NAIOP – the National Association of 
Industrial and Office Properties – which represents both owners and developers. With 
more than 15,000 members and a network of 54 chapters, NAIOP recently established 
green development awards, detailed case studies, a green national conference and an 
online Green REsource Center “to support developers engaged in green and sustainable 
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development.” Second, brokers and real estate agents are another vital link in the supply 
and demand chain. If the benefits of green development are not communicated well, the 
customer, buyer or tenant has a more difficult time getting the opportunity or motivation 
to buy or lease anything but conventional buildings. Accordingly, Built Green Colorado 
and the American Association of Energy and Environmental Real Estate Professionals 
teamed up to create the Ecobroker program to train and certify agents to fill this role. 
However, the spread of this effort nationwide has been slower than anticipated. 
The role of market awareness and demand for green buildings and development 
plays a large role in how and if the impacts of such development are analyzed and 
presented. Despite the omnipresence of all topics “green” in the mass media, data on 
interest from consumers, tenants and developers is mixed. On one hand, data suggests a 
high level of awareness and a strong demand. Almost 50% of homebuyers indicate a 
willingness to spend more money for perceived health and wellness benefits, even if they 
never recoup this investment (Kannan 2007). In a Professional Builder survey (2007), 
70% of homebuilders saw that “green” is somewhat or extremely important to their 
marketing strategy. The same survey indicated that builders felt energy efficiency was 
somewhat or extremely important to 97% of their buyers and indoor air quality was 
important to 83%.  
On the other hand, evidence exists to show that issues of environment, health and 
energy are low on the list of priorities for homes and commercial buildings. Less than 1% 
of new homes are currently built to a green standard and over 70% of homebuyers 
believe that homes have “no, some or an acceptable” levels of environmental impacts 
(Kannan 2007). Fewer than 20% of homebuyers are willing to spend money on energy 
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savings, even if they can recoup their investment in cost savings (Kannan 2007). It 
appears that different aspects of “green” affect the level of support – e.g., healthy living 
draws greater interest than environmental responsibility. Moreover, it is likely that the 
degree of awareness of the impacts of green development on a personal or organization 
level will affect the ability of the market to pull these trends forward. In their absence, the 
role of municipal regulation is ready to fill in the gaps – the USGBC keeps a running log 
of growth in the legislation of green building (USGBC 2008). 
 
Broader implications of this research. The aims, methods and criteria developed and 
used in this research can be extended to at least three other sets of applications:  
 
(1) LEED categories aside from the Energy & Atmosphere category analyzed here,  
(2) other eco-label programs for the built environment, and  
(3) other eco-label programs for products. 
 
For #1, consider that there are four other main categories in LEED in addition to 
the Energy & Atmosphere category discussed in this research. These include Sustainable 
Sites, Water Efficiency, Materials & Resources and Indoor Environmental Quality. Each 
could be similarly analyzed to assess the variation and magnitude of impacts in order to 
understand whether these values match expectations of the USGBC or users of LEED. 
Based on the limited data available from the USGBC, it is likely that these other LEED 
categories might also display similarly large degrees of variation in environmental 
impacts. From Appendix 2, consider the column labeled “% of Projects Achieving This 
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Point” as an indicator of this variation. For broad considerations of impacts regarding 
water, note the following variation in projects meeting these performance thresholds: 
 
Table 4.1. Select Variation in LEED Building Impacts Related to Water 
% of Projects 
Achieving This Point
LEED 
Credit General Performance Thresholds
46% SS 6.1
Post-development stormwater runoff equals pre-development 
levels or better
46% SS 6.2
Treat 80% of Total Suspended Solids and 40% of Total 
Phosphate from stormwater runoff
87% WE 1.1 Reduce outdoor water use by 50%
60% WE 1.2 Reduce outdoor water use by 100%
80% WE 3.1 Reduce indoor water use by 20%
64% WE 3.2 Reduce indoor water use by 30%
 
 
For Water Efficiency, it is likely that a Monte Carlo probabilistic model based on 
empirical data from the USGBC point tally (e.g., indoor and outdoor water efficiency 
values per Water Efficiency credits 1.1, 1.2, 3.1 and 3.2) could be used to begin 
quantifying these measures. An obvious problem arises when considering the analysis of 
other categories, such as this one – a lack of detailed data on completed LEED projects 
and project performance. In this example, it would be very difficult to create reliable 
simulation results for water use because of limits on publicly available data on total 
gallons of water used indoor and outdoors by specific LEED projects, among other 
details. With these data, estimates of normalized water use per capita could be compared, 
for example, across 1,000 simulated LEED Silver buildings. As such, the USGBC may 
look to the Enterprise Green Communities program for a solution. Enterprise requires 
that projects which receive funding (a key difference from USGBC’s LEED programs) 
and certification through their program report back on project cost and performance. This 
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then enables Enterprise to better communicate to others the success of its program in 
terms of energy reduction, cost effectiveness and other parameters. Accordingly, the 
USGBC could require, as a condition of certification, that projects provide substantial 
project detail, as is currently collected in various degrees of depth and breadth in the US 
DOE’s High Performance Buildings Database, to facilitate the creation of a national 
database of certified green building projects and their performance characteristics. 
The Sustainable Sites category also deserves analysis. This effort could aim to 
quantify variation in stormwater quantity and quality impacts, the use of transit 
alternatives and contributions to the urban heat island effect, among others. While the use 
of probabilistic modeling may be appropriate for this analysis, other avenues are also 
available to better assess the effect of site design and selection for LEED buildings. For 
example, the American Society of Landscape Architects (ASLA), the United States 
Botanic Garden and the Lady Bird Johnson Wildflower Center at The University of 
Texas have recently joined forces to create a new rating system, The Sustainable Sites 
Initiative (2008), which greatly expands the rigor and breadth of this aspect of green 
building and development. Though it is currently in draft form, it is likely that this 
program – which provides detailed consideration of hydrology, soils, human well-being, 
vegetation and materials – will provide the attention needed for this category. Additional 
important concepts are also included, such as the value of ecosystem services and the 
need for full cost accounting as well as the role of bioregionality in affecting the rating of 
a site. 
The consideration of other transit options in the Sustainable Sites category raises 
another issue – one set of impacts can cut across the six LEED categories. In this case, 
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the use of bus, train or bike to get to and from a LEED office building would create 
energy-related environmental impacts, such as those which received focus in this research 
(e.g., carbon dioxide emissions). Similarly, the generation of pre-combustion and 
combustion-related solid waste related to energy use should, in theory, be aggregated 
with other waste generation or avoidance values generated from the Materials & 
Resources category. Accordingly, in future research, estimates of environmental impacts 
of the same type should be summed across LEED categories, rather than considered 
category by category. 
Finally, the Materials & Resources category should also be assessed. Again, more 
data on projects and their performance is likely necessary to use analytical methods 
similar to those in this research. However, variation in impacts clearly exists and the re-
evaluation of success in this category merits attention. Consider two deficiencies: (1) the 
lack of sufficient attention to toxins in materials in green buildings and (2) project scoring 
with improper weighting when considering the flow of mass and waste.  
For the former – regarding the issue of toxins in materials – the Indoor 
Environmental Quality category does award credit for materials low in VOCs, but the use 
of plasticizers, heavy metals or other undesirable chemicals in materials is not addressed, 
even if the recycled content of products with these ingredients is high or if they are 
manufactured within a 500-mile radius. The use of the McDonough Braungart Design 
Chemistry Cradle to CradleSM Certification Program is a logical way to harness the power 
of international scientific databases on chemical risk assessment to address toxins not just 
in finished products but also in the upstream supply chain.  
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For the latter, regarding the flow of mass and waste in LEED buildings, it is a 
good start that LEED recognizes building reuse, though when thinking about the goal of 
reducing landfill waste and preserving habitat through reducing the need for virgin 
materials, it is clear that the waste reduction benefits from reusing an existing building – 
historic or otherwise – exceed, by some multiple, similar reduction goals from ensuring 
that 10% - 20% of the content of all products purchased consist of recycled materials, 
which currently earns a LEED project 1 or 2 points. This imbalance in accounting leads 
to obvious variation in impacts related to waste generation. 
For item # 2 – application to other eco-label programs for the built environment – 
additional implications of this research include application to local, regional, national and 
international green building assessment programs aside from LEED for New 
Construction. As of early 2007, for example, there were at least 28 local or regional green 
building programs for homes, such as Earthcraft House in the Southeast and Built Green 
Colorado. In addition, other national programs include related LEED programs, such as 
those for homes and existing buildings. Similar international programs include BREEAM 
in the UK and CASBEE in Japan. Depending on the availability of data, probabilistic 
modeling and the criteria developed or used in this research, such as “percent distribution 
overlap” could be used to assess the variation and magnitude from buildings certified 
with these programs.  
As an example, consider the Earthcraft House program for single family homes 
has certified 4,000 homes in the Atlanta metro region where it began. Certification is 
awarded at three different levels of rigor and each corresponds with minimum point 
requirements, similar to the tiered approach suggested in Chapter 3. However, with a total 
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of over 800 points to choose from, a home must only achieve 150, 200 or 230 points at 
each certification level. This high degree of flexibility aids in program adoption but also 
likely creates a wide degree of variation in environmental impacts from certified homes, 
despite the general movement towards a reduction in negative impacts. Moreover, the 
creation and use of a nutrition label program, as suggested earlier, is one way to allow 
market forces to drive higher or more meaningful point achievement and environmental 
impact reduction while perhaps enhancing adoption due to increased awareness. 
Finally, for item #3 – application to other eco-label programs for products –  the 
methods of assessment in Chapters 2 and 3 could be applied to eco-labels for products. 
Consumer Reports’ Greener Choices Eco-labels Center counts over 50 eco-labels for 
consumer products (Consumer Reports 2008), and Environmental Building News (Atlee 
and Altes 2008) lists over 17 eco-labels related to green building products alone. In 
addition, there are dozens of other related international labels. All of these deserve 
analysis to confirm whether the delivered benefits from labeled products are comparable 
to those expected by the range of affected users – from customers and designers to 
builders and manufacturers. 
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Appendix 1: 
The dual roles of LEED3 
 
Milestone Year
"Nutrition label" for green buildings created/approved 2008 ?
LCA reshapes the scoring of LEED 2008 ?
2.9 billion sf. ft. of LEED registered projects total 2008
1 >22,000 people attended Greenbuild 2007
2 USGBC has 13,004 member organizations 2007
3 2.2 billion sq. ft. of LEED registered projects added 2007
4 sq. ft. of LEED certified projects grew by 43% 2007
1 >13,000 people attended Greenbuild 2006
2 USGBC has 7,583 member organizations 2006
3 284 million sq. ft. of LEED registered projects added 2006
4 sq. ft. of LEED certified projects grew by 50% 2006
LEED version 2.2 created 2005
2 USGBC has 5,891 member organizations 2005
3 198 million sq. ft. of LEED registered projects added 2005
4 sq. ft. of LEED certified projects grew by 91% 2005
2 USGBC has 5,453 member organizations 2004
3 104 million sq. ft. of LEED registered projects added 2004
4 sq. ft. of LEED certified projects grew by 75% 2004
2 USGBC has 3,532 member organizations 2003
3 68 million sq. ft. of LEED registered projects added 2003
4 sq. ft. of LEED certified projects grew by 232% 2003
LEED version 2.1 created 2002
2 USGBC has 2,370 member organizations 2002
3 35 million sq. ft. of LEED registered projects added 2002
4 sq. ft. of LEED certified projects grew by 126% 2002
LEED version 2.0 created 2001
2 USGBC has 268 member organizations 1999
LEED version 1.0 created 1998
2 USGBC has 10 member organizations 1995
USGBC formed 1993
Note: Milestones with the same number on the far left can be compared from year to year.
Tool 
for 
Market 
Change
Tool 
for 
Environmental 
Management 
The Growth of LEED and the USGBC vs. The Dual Roles of LEED (green arrows)
                                                 
3
 These data are extracted from USGBC resources and manipulated according to the desired year or metric. 
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Appendix 2: 
The LEED-NC v2.1 checklist 4 
LEED for New Construction v2.1
Registered Project Checklist
% of Projects 
Achieving This 
Yes ? No Point
Sustainable Sites 14 Points
Y Prereq 1 Erosion & Sedimentation Control Required
Credit 1 Site Selection 1 82.2%
Credit 2 Development Density 1 21.3%
Credit 3 Brownfield Redevelopment 1 16.9%
Credit 4.1 Alternative Transportation, Public Transportation Access 1 61.5%
Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1 79.0%
Credit 4.3 Alternative Transportation, Alternative Fuel Vehicles 1 35.2%
Credit 4.4 Alternative Transportation, Parking Capacity and Carpooling 1 63.7%
Credit 5.1 Reduced Site Disturbance, Protect or Restore Open Space 1 23.0%
Credit 5.2 Reduced Site Disturbance, Development Footprint 1 55.5%
Credit 6.1 Stormwater Management, Rate and Quantity 1 45.9%
Credit 6.2 Stormwater Management, Treatment 1 45.6%
Credit 7.1 Landscape & Exterior Design to Reduce Heat Islands, Non-Roof 1 56.6%
Credit 7.2 Landscape & Exterior Design to Reduce Heat Islands, Roof 1 64.8%
Credit 8 Light Pollution Reduction 1 41.5%
Yes ? No
Water Efficiency 5
 Points
Credit 1.1 Water Efficient Landscaping, Reduce by 50% 1 86.6%
Credit 1.2 Water Efficient Landscaping, No Potable Use or No Irrigation 1 60.4%
Credit 2 Innovative Wastewater Technologies 1 20.5%
Credit 3.1 Water Use Reduction, 20% Reduction 1 79.5%
Credit 3.2 Water Use Reduction, 30% Reduction 1 64.2%
Yes ? No
Energy & Atmosphere 17
 Points
Y Prereq 1 Fundamental Building Systems Commissioning Required
Y Prereq 2 Minimum Energy Performance Required
Y Prereq 3 CFC Reduction in HVAC&R Equipment Required
Credit 1 Optimize Energy Performance 1 to 10
 15% New Buildings or 5% Existing Building Renovations 1
 20% New Buildings or 10% Existing Building Renovations 2
 25% New Buildings or 15% Existing Building Renovations 3
 30% New Buildings or 20% Existing Building Renovations 4
 35% New Buildings or 25% Existing Building Renovations 5
 40% New Buildings or 30% Existing Building Renovations 6
 45% New Buildings or 35% Existing Building Renovations 7
 50% New Buildings or 40% Existing Building Renovations 8
 55% New Buildings or 45% Existing Building Renovations 9
 60% New Buildings or 50% Existing Building Renovations 10
Credit 2.1 Renewable Energy, 5% 1 17.5%
Credit 2.2 Renewable Energy, 10% 1 10.4%
Credit 2.3 Renewable Energy, 20% 1 6.3%
Credit 3 Additional Commissioning 1 57.1%
Credit 4 Ozone Depletion 1 61.7%
Credit 5 Measurement & Verification 1 23.8%
Credit 6 Green Power 1 38.8%
Project Name:
Project Address:
                                                 
4
 This checklist is from the USGBC and the “% of Projects Achieving This Point” data come from the 
USGBC’s point tallies for completed LEED projects as of December 2007.  
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Appendix 2: 
LEED-NC v2.1 Checklist (continued) 5 
 
Yes ? No
Materials & Resources 13
 Points
Y Prereq 1 Storage & Collection of Recyclables Required
Credit 1.1 Building Reuse, Maintain 75% of Existing Shell 1 12.3%
Credit 1.2 Building Reuse, Maintain 100% of Shell 1 5.2%
Credit 1.3 Building Reuse, Maintain 100% Shell & 50% Non-Shell 1 2.7%
Credit 2.1 Construction Waste Management, Divert 50% 1 87.7%
Credit 2.2 Construction Waste Management, Divert 75% 1 66.1%
Credit 3.1 Resource Reuse, Specify 5% 1 9.6%
Credit 3.2 Resource Reuse, Specify 10% 1 6.6%
Credit 4.1 Recycled Content, Specify 5% (post-consumer + ½ post-industrial) 1 89.1%
Credit 4.2 Recycled Content, Specify 10% (post-consumer + ½ post-industrial) 1 73.8%
Credit 5.1 Local/Regional Materials, 20% Manufactured Locally 1 94.3%
Credit 5.2 Local/Regional Materials, of 20% Above, 50% Harvested Locally 1 71.3%
Credit 6 Rapidly Renewable Materials 1 7.9%
Credit 7 Certified Wood 1 29.0%
Yes ? No
Indoor Environmental Quality 15
 Points
Y Prereq 1Minimum IAQ Performance Required
Y Prereq 2 Environmental Tobacco Smoke (ETS) Control Required
Credit 1 Carbon Dioxide (CO2 ) Monitoring 1 55.7%
Credit 2 Ventilation Effectiveness 1 24.3%
Credit 3.1 Construction IAQ Management Plan, During Construction 1 69.7%
Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1 56.0%
Credit 4.1 Low-Emitting Materials, Adhesives & Sealants 1 81.4%
Credit 4.2 Low-Emitting Materials, Paints 1 88.3%
Credit 4.3 Low-Emitting Materials, Carpet 1 91.3%
Credit 4.4 Low-Emitting Materials, Composite Wood & Agrifiber 1 50.5%
Credit 5 Indoor Chemical & Pollutant Source Control 1 70.8%
Credit 6.1 Controllability of Systems, Perimeter 1 33.3%
Credit 6.2 Controllability of Systems, Non-Perimeter 1 21.3%
Credit 7.1 Thermal Comfort, Comply with ASHRAE 55-1992 1 70.8%
Credit 7.2 Thermal Comfort, Permanent Monitoring System 1 49.5%
Credit 8.1 Daylight & Views, Daylight 75% of Spaces 1 42.1%
Credit 8.2 Daylight & Views, Views for 90% of Spaces 1 60.7%
Yes ? No
Innovation & Design Process 5
 Points
Credit 1.1 Innovation in Design: Provide Specific Title 1 85.5%
Credit 1.2 Innovation in Design: Provide Specific Title 1 80.1%
Credit 1.3 Innovation in Design: Provide Specific Title 1 69.1%
Credit 1.4 Innovation in Design: Provide Specific Title 1 53.0%
Credit 2 LEED™ Accredited Professional 1 97.3%
Yes ? No
Project Totals  (pre-certification estimates) 69
 Points
Certified: 26-32 points, Silver: 33-38 points, Gold: 39-51 points, Platinum: 52-69 points
                                                 
5
 This checklist is from the USGBC and the “% of Projects Achieving This Point” data come from the 
USGBC’s point tallies for completed LEED projects as of December 2007. 
% of Projects 
Achieving This 
Point
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Appendix 3: 
Criteria used to rate providers of carbon offsets 
 
A Tufts Climate Initiative report6 on carbon offsets used the following criteria to rate 
offset providers: 
 
1. Transparency (e.g., clearly state all procedures, verification schemes, financial 
arrangements and partnerships), 
2. Project/offset quality (e.g., offsets should be additional and permanent; account 
for leakage; contribute to the long-term goal of a carbon free and a highly energy 
efficient economy; and have excellent standards and verification), 
3. Calculator accuracy (e.g., should account for radiative forcing and flight 
variables), and 
4. Project type (e.g., few bio-sequestration projects, mostly renewable energy and 
energy efficiency projects). 
 
The Clean Air-Cool Planet study7 used the following criteria, in order of highest 
weighting, to rate providers: 
 
1. Providers’ prioritization of offset quality, 
2. Buyers’ ability to transparently evaluate offset quality, 
3. Transparency in provider operations and offset selection, 
                                                 
6
 This is an excerpt from Kollmuss, A. and Bowell, B. (2007). Voluntary Offsets for Air-Travel Carbon 
Emissions: Evaluations and Recommendations of Thirteen Offset Companies. A report prepared 
by the Tufts Climate Initiative. 
7
 This is an excerpt from Trexler Climate and Energy Services, Inc. (2006). A Consumer’s Guide to Retail 
Carbon Offset Providers. A report prepared for Clean Air-Cool Planet. 
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Appendix 3: 
Criteria used to rate providers of carbon offsets (continued) 
 
4. Providers’ understanding of the technical aspects of offset quality, 
5. Priority assigned by provider to educating consumers about global warming and 
global warming policy, 
6. Ancillary sustainable development benefits of offset portfolios, and 
7. Use of third-party project protocols and certification. 
 
The same study also lists seven questions to ask providers of carbon offsets to assess their 
understanding and quality control. These include the following: 
 
1. Do your offsets result from specific emissions reduction or sequestration projects? 
2. Do you use an objective standard to ensure the additionality and quality of the 
offsets you sell? 
3. Can you show me that the projects in your portfolio would not have happened 
without the greenhouse gas offset market? 
4. Have your offsets been validated against a particular third-party standard by a 
credible source? 
5. Are you selling offsets that will accrue in the future? If so, how long into the 
future, and can you explain why you need to “forward sell” the offsets? 
6. Can you demonstrate that your offsets are not being sold to multiple buyers? 
 
7. What are you doing to educate your buyers about global warming and the need for  
 
 global warming policy? 
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Appendix 4: 
Criteria used to rate carbon offsets 
 
 
Commonly used tests for additionality are listed below:  
 
1. The regulatory test – The project must go beyond what is required by law. 
2. The financial test – The project must prove that it is not the least cost option to 
produce a good or service or that it would have a less than acceptable rate of 
return without the proceeds from the sale of offsets. 
3. The common practice test – The project must go beyond common legal, 
regulatory, industry, or institutional standards. 
4. The timing test – The project must create greenhouse gas reductions later than 
January 1, 2000, to demonstrate that the reductions were motivated by a voluntary 
offset market. 
5. The benchmark/performance test – The project must rank in the top ten percent of 
lowest greenhouse gas emission rates for similar technologies and practices 
producing the same or similar goods or services.  
6. The technology test – The project must involve a technology that is not usually 
used for reasons other than reducing greenhouse gas emissions.  
 
Environmental Defense and its sister certification organization, Environmental Resources 
Trust (ERT), use the criteria below to rate credible offsets. 8 
 
                                                 
8
 These are taken from The Environmental Defense Fund’s Offset Criteria as displayed at the following 
website http://fightglobalwarming.com/page.cfm?tagID=308. 
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Appendix 4: 
Criteria used to rate carbon offsets (continued) 
 
1. Only direct emission reductions are eligible. 
2. The emission reductions must demonstrably exceed business-as-usual.  
3. The time frame for emission reductions must be clearly identified. 
4. The emission reductions must be serialized and tracked to assure that they are not 
reoffered for sale. 
5. All claims should be independently verified and verifiable. 
6. The emission reductions should be generated in ways that produce net positive 
environmental and community impacts. 
 
 
 139 
Appendix 5. 
Price variability by source of carbon offset9 
 
Project Type Price Range ($/tCO2e)
Afforestation / reforestation  - monoculture 10 - 13
Afforestation / reforestation - mixed native 0.5 - 45
Avoided deforestation 10 - 18
Methane - livestock 6
Methane - landfill 0.75 - 26
Methane - coal mines 20
Industrial gas 4
Direct fossil fuel reduction 0.5 - 20
Off-grid renewables 5 - 18
RECs 0.75 - 20
Mixed 7 - 10
                                                 
9
 This is an excerpt from Hamilton, K., Bayon, R., Turner, G., and Higgins, D. (2007). State of the 
Voluntary Carbon Market 2007: Picking Up Steam. The Katoomba’s Ecosystem Marketplace. 
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Appendix 6: 
Early Concepts for a LEED Nutrition Label Program #1 
 
PROJECT BASICS POTENTIAL NATIONAL IMPACT **
Project Name: XYZ Corporate Headquarters
Project Location: Raleigh, NC
Project Zip Code: 27601 Sustainable Sites section -- SS 
     - TBD
CERTIFICATION HIGHLIGHTS      - TBD
     - TBD
Water Efficiency section -- WE                 
     - TBD
Design & Construction Stage: Date: Status:
     - TBD
Certification date: April 2, 2008 Done      - TBD
Operations Stage: Energy & Atmosphere section -- EA            
Certification date: April 2, 2010 -      - 63,000 homes' worth of energy saved 
Recertification date: April 2, 2013 -      - 171,500 cars not driven pear year 
     - 32,000 swimming pools full of water saved
     - 95,000 cars' worth of weight kept out of the landfill
Materials & Resources section -- MR             
     - TBD
     - TBD
     - TBD
Indoor Environmental Quality section -- IEQ
     - TBD
     - TBD
     - TBD
ADDITIONAL DETAILS
The following are hyperlinks in this building's full nutrition label program:
     1. Calculations explaining the statistics above are found here.
     2. See why you should care about a building's impacts here.
     3. Learn how this building compares to others in the US here.
© G. Christopher Wedding
* 100% suggests that this building outperforms the average building for all credits in one of the 5 
categories. 0% suggests the opposite. Equal weighting of intra-category points is assumed.
L E E D    B U I L D I N G    N U T R I T I O N    L A B E L -- pg.1
Certification Level: L E E D   S I L V E R
BUILDING PERFORMANCE OVERVIEW *
** Impacts are based on a specific reductions in pollution or resource consumption and assume that all buildings 
of this type in the US are built like this one this year. Size is not an issue as all impacts based on "per square 
foot" values.
0%
20%
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100%
Site
Materials
WaterIndoor
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stormwater 
water 
saved
energy 
saved
30%
90%
material
saved
area with 
daylighting
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1
2
34
5
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Appendix 7. 
Early Concepts for a LEED Nutrition Label Program #2 
 
Potential National Impact: *
(Percentage)
Total Energy Use        1,500,000,000 (BTU's) 40% 63,000 homes' worth
of energy saved
Energy-related Environmental Impacts
Carbon dioxide     460,000 (lbs) 40% 171,500 cars not driven pear year
High Level nuclear waste 2.56 (oz) 40% 550 basketballs worth of weight
Low level nuclear waste 0.08 (cf) 40% 9 pick up trucks of 
waste avoided
Mercury                 0.40 (oz) 40% 265 days' worth of avoided 
coal-fired plant emissions
Nitrogen oxides     764 (lbs) 40% 186,000 cars not driven per year
Particulate matter  55 (lbs) 40% 2,450 city buses
not driven per year
Solid waste            85,000 (lbs) 40% 95,000 cars' worth of masskept out of the landfill
Sulfur dioxide        1,965 (lbs) 40% 57 days' worth of avoided 
coal-fired plant emissions
Water 240,000 (gallons) 40% 32,000 backyard swimming pools full of water saved
* If every new building of this type built this year were built like this LEED building, this column shows the equivalent impact reduction.
IMPACT CATEGORY BUILDING IMPACTS
Annual Reduction Versus Status Quo:
(Quantity)
Energy & Atmosphere
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Appendix 8. 
Early Concepts for a LEED Nutrition Label Program #3 
 
Criteria Units
Energy use kBTU/year/employee
Carbon Dioxide lbs/year/employee
High Level Nuclear Waste lbs/year/employee
Low Level Nuclear Waste lbs/year/employee
Mercury lbs/year/employee
Nitrogen Oxides lbs/year/employee
Particulate Matter lbs/year/employee
Sulfur Dioxide lbs/year/employee
Solid Waste lbs/year/employee
Water gallons/year/employee
Energy & Atmosphere
* Red bars denote the best LEED building performance to date.
Normalized LEED Building Performance: *
Benchmarking According to (1) the US EPA eGRID region and (2) Employees per Square Foot
0 50% 100% 150% 200%
Best Building Worst Building
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Appendix 9: 
Sample nutrition labels for products  
 
Eco-label from Scientific Certification Systems (SCS) for a biomass power station 10 
 
 
 
Eco-label proposed by Resources for the Future for all new cars 11 
 
                                                 
10
 This is taken from Atlee, J. and Altes, T.K. (2008). “Behind the logos: understanding green product 
certifications.” Environmental Building News, 17(1). 
11
 This is taken from Probst, K. (2006, March). “Combating Global Warming One Car at a Time: CO2 
Emissions Labels for New Motor Vehicles.” http://www.weathervane.rff.org/  
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Appendix 9: 
Sample nutrition labels for products 
 
Eco-label for a box of shoes from Timberland 12 
 
 
 
Eco-label from the Healthy Building Network for building products 13 
 
 
                                                 
12
 This is taken from Makower, J. (2006, January 29). “Timberland Reveals Its ‘Nutritional’ Footprint.” 
http://www.worldchanging.com/archives/004047.html 
13
 This is taken from Atlee, J. and Altes, T.K. (2008). “Behind the logos: understanding green product 
certifications.” Environmental Building News, 17(1). 
